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 5 
?? 
AP  aqueous phase 
BFA  brefeldin A 
BICD  Bicaudal-D 
BSA  bovine serum albumin 
CBB  Coomassie brilliant blue 
CCV  clathrin-coated vesicle 
cDNA  complementary DNA 
CI-M6PR  cation-independent mannose-6-phosphate receptor 
COPI  coat protein I 
CtxB  cholera toxin B subunit 
DMEM  Dulbecco's Modified Eagle's Medium 
DP  detergent phase 
EE  early endosome 
ER  endoplasmic reticulum 
ERGIC  ER-Golgi intermediate compartment 
FBS  fetal bovine serum 
FKBP  FK506-binding protein domain 
FRAP  fluorescence recovery after photobleaching 
FRB  FKBP-rapamycin–binding domain 
GAP  GTPase-activating protein 
GAPDH  glyceraldehyde-3-phosphate dehydrogenase 
GDF  GDI displacement factor 
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GDI  GDP dissociation inhibitor 
GEF  guanine nucleotide exchange factor 
GFP  green fluorecent protein 
GGPP  geranylgeranyl pyrophosphate 
GST  glutathione S-transferase 
GT  galactosyltransferase 
HRP  horseradish peroxidase 
IPTG  isopropyl-β-D-thiogalactopyranoside 
LC–MS/MS liquid chromatography–tandem mass spectrometry 
LE  late endosome 
mant-GDP 2′-(3′)-O-(N-methylanthraniloyl) GDP 
PAR1  protease-activated receptor-1 
PBS  phosphate-buffered saline 
PCR  polymerase chain reaction 
PI(3)P  phosphatidylinositol 3-phosphate 
PM  plasma membrane 
PVDF  polyvinylidene difluoride 
RabF  Rab family 
RabSF  Rab subfamily 
RE  recycling endosome 
REP  Rab escort protein 
RGGT  Rab geranylgeranyl transferase 
SDS-PAGE sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
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siRNA  small interfering RNA 
SLO  streptolysin O 
Stx1  Shiga toxin 1 
SV  secretory vesicle/granule 
TB  transport buffer 
TBS  tris-buffered saline 
TGN  trans-Golgi network 
TIP47  tail-interacting protein of 47 kDa 
VSVGts045 ts045 vesicular stomatitis virus glycoprotein 
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? 1 ? ?? 
1.1 Rab ???????? 
 ????GTP????????????????????GTP????GDP?????GTP
???????GTPase???????????????20-25 kDa?????????????
???????????????Takai et al. 2001; Wennerberg et al. 2005??Ras???????
??????? GTP??????????????????????????????Ras??
?????????????????????????? 5 ????????Ras?Rho?Rab?
Arf/Sar1?Ran???????????????????Ras??????????Rho?????
?????Rab?Arf/Sar1??????Ran?????????????????????Takai et 
al. 2001; Wennerberg et al. 2005?? 
 Rab?????????????????????????????????????????
60????????Saccharomyces cerevisiae??? 11???????????Wennerberg et al. 
2005; Stenmark 2009; Pfeffer 2013?????Rab?????????????????????
????????????????? 1??Zerial & McBride 2001; Stenmark 2009; Mitra et al. 
2011; Wandinger-Ness & Zerial 2014???????????transport vesicle?????????
???????????????????? 2?Stenmark 2009; Wandinger-Ness & Zerial 2014??
Rab ????????????????????????????cargo???????????
????????????????????????????????????????????
??????????????????tethering??????????????????????fusion?
????????????????????????Stenmark 2009?? 
 Rab???????Rab????????????Rab effector protein???????????
???????? 2?????????????????????????????Rab????
?????????????GTP?????Rab?????????????????????
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????Pfeffer 2005??Rab???????????????????????Rab?????
???????????????Seabra & Wasmeier 2004???????Rab?????????
?????????????????????????Rab?????????????????
???? 
 
1.2 Rab ????????????? 
 Rab?????????????????????????????????????Rab??
???????????????????????????Rab ??????????????
GTP???????????GDP????????????????????????3?Takai 
et al. 2001; Stenmark 2009; Pfeffer 2013??Rab??????C?????1????? 2???
????? 2?????????????????4???????????Rab??????GDP
??????Rab???????????Rab escort protein: REP??????????????
?????????Rab geranylgeranyl transferase?RGGT????? geranylgeranyl transferase 
II???????? 3?????????? C ????????????????????
?geranylgeranyl group???????????prenylation??????Stenmark 2009; 
Wandinger-Ness & Zerial 2014?? 
 Rab?????????????????????????????????GTP?????
?????????????? GDP ???????????????Zerial & McBride 2001; 
Wandinger-Ness & Zerial 2014???? 2?????????????????????????
?????????? 3?????????? GDP???? Rab??????????????
????????????GDP???????GDP dissociation inhibitor: GDI????????
??GDI? Rab????????????????????????????????????
????????? GDI???????GDP??? Rab?????????????????
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??????????????????????guanine nucleotide exchange factor: GEF???
??????Rab??????????GDP?GTP?????GDP?????GTP????
???????????????????GDP???Rab????????GDI?????GDI
?????GDI displacement factor: GDF??????????????????Dirac-Svejstrup 
et al. 1997; Sivars et al. 2003?????????????????Rab?????????? I?
?????? II?????????4????????????Pfeffer 2005????????GTP
???Rab???????????Rab?????????????????????????
?????GTP?????GDP???????????????Rab??????????GTPase
?????????????GTP???????????????????????GTPase?
????????GTPase-activating protein: GAP???????????? 3? Stenmark 2009; 
Wandinger-Ness & Zerial 2014?? 
 
1.3 Rab ???????????????????? 
 Rab????????????????????????????????????????Rab
?????????C??????????????????????????????????
???Stenmark 2009???????????????Rab?????????????????
?????????????????Calero et al. 2003; Gomes et al. 2003????????C?
???????????????Rab???????????????????????????
Rab??????????????????????????????????????????
??????????Rab??????????????????Rab??????C??? 35-40
????????????????hypervariable region???? 4??????????????
?????????????????????Chavrier et al. 1991; Brennwald et al. 1993; 
Stenmark et al. 1994; Liu & Storrie 2012??Chavrier??Chavrier et al. 1991???Rab???
???????????????????????????????Rab2?Rab5?Rab7 ???
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??????????????????????????BHK???????????????
???????????Rab2????-????????????????ER-Golgi intermediate 
compartment: ERGIC??????????????Rab?????????Chavrier et al. 1990??
???-????????????????Chavrier et al. 1990; Tisdale et al. 1992; Stenmark 
2009; Sato et al. 2015??Rab5????????????????????????????Rab
?????????Chavrier et al. 1990??????????????????????????
???????clathrin-coated vesicle: CCV????????????????????????
????????; heterotypic fusion????????????????????; homotypic fusion??
?????????????????????????????????????????? 3-
????phosphatidylinositol 3-phosphate: PI(3)P??????????????Chavrier et al. 
1990; Gorvel et al. 1991; Zerial & McBride 2001; Lodhi et al. 2008??Rab7??????????
????????????Rab?????????Chavrier et al. 1990????????????
????????????????????????????????????????????
?????????trans-Golgi network??????????????????????????
??????Zerial & McBride 2001; Rojas et al. 2008; Stenmark 2009; Vardarajan et al. 2012; 
Wandinger-Ness & Zerial 2014??Chavrier?????Chavrier et al. 1990????Rab5?C?
??? 34????????Rab7?C???? 34?????????????????????
Rab7 ?????????????????????????????????????????
???????????????????????????????????????Rab2 ? C
????46???????Rab5?C????35?????????????????????
?????????????????????Rab2? C???? 46??????? Rab7? C
???? 35 ??????????????????????????????????????
?????Rab2??????????????????????Rab5???? Rab7? C??
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????????Rab2?N???????????????????????????????
???????????????????????????Chavrier ???Rab ???????
???????????????????????????C????????????????
???????Chavrier et al. 1990?? 
 ??????????????????????????????????Ali ???????
????????????????????Rab??????????????????????
???????????????????N??????Rab family?RabF?????? Rab 
subfamily?RabSF?????????????? 4??Pereira-Leal & Seabra 2000??????
?????????????????????Ali et al. 2004???????Ali et al. 2004????
Rab5????????Rab1?Rab2?Rab7?????????????????????????
Rab1 ??????ERGIC ???????????????????? Rab ????????
?Stenmark 2009?????-????????????????Zerial & McBride 2001; Soo et al. 
2015??Rab2?Rab5?Rab7??????????????ERGIC?????????????
????????????????????????Rab?????????Chavrier et al. 1990??
Ali?????Ali et al. 2004???????????????????????????????
Rab5 ?????????????????????????????????????????
?? Rab5 ????????????????????????????Rab1?Rab2?Rab7 ?
???????Rab5??????????????????????????????Rab1??
??Rab2???????Rab5?????????????????????????????
?????????????????????????????????Golgin-97 ??????
????????????Tfn-R???????????????Rab27???????Rab5?
????????????????????????Rab27???????secretory granule??
???????melanosome??????????????Rab???????????????
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????????????Zerial & McBride 2001; Desnos et al. 2003; Tolmachova et al. 2004; 
Stenmark 2009; Pavlos et al. 2010; Cazares et al. 2014????Rab27???????Rab5??
????????????????????????????????????????????
????????????????????????????Rab??????????????
??????????????????????????????????????Ali???Rab
???????????????????? RabF??????? RabSF?????? 4???
????????Rab5A?Rab27A??????? 2???????????????????
?????????Rab27A? RabSF3???Rab5A?????????Rab5A??????
???????? Rab5A? RabF4??? Rab27????????? Rab5A????????
??????????PDI ???????????Golgin-97 ???????????????
Rab27A?RabSF2???Rab5A?????????Rab27A???????????????
??????Golgi-58K ??????Rab27A ? RabSF3 ??? Rab5A ?????????
Rab27A ??????????????????????????????????RabSF ??
?????? RabF????????????????????????????????Ali?
???????????????Rab5A?RabF4???RabSF3???Rab27A?RabSF2?
??RabSF3????????????????????????????? 
 ??? Rab ?????????????????????????????????????
?????GEF ??Rab ????????????????????????????????
??????????Gerondopoulos et al. 2012; Blümer et al. 2013??Blümer??Blümer et al. 
2013???GEF ?????????????????????FK506 ???????
? FK506-binding protein domain: FKBP?? FKBP ????????????
?FKBP-rapamycin–binding domain: FRB????????????????????????
???????????????????????ActA?FRB??????????FKBP?
 14 
?Rabex-5?Rab5A?GEF?????????2?????????????????????
???????????Rabex-5??? Rab5A??????????????????????
??????ActA???????????????????????????????FKBP?
?Rabex-5???????????????????Rab5A????????????????
??????????Blümer??Blümer et al. 2013???Rab1A????GEF?????DrrA
?GEF??????????Rab8A?GEF Rabin8?GEF???????????????
???????Rab1A ??????ERGIC ???????????????????? Rab ?
????????Stenmark 2009; Wandinger-Ness & Zerial 2014??Rab8A?????????
????????????????????Rab??????????????????????
???????????????Stenmark 2009; Wandinger-Ness & Zerial 2014???????
?????????????????DrrA?Rabin8?GEF????????????Rab1A
?Rab8A??????????????????????????Rab5A?Rab1A???Rab8A
???????????????????????GEF??????????????????
??????????Blümer???GEF? Rab?????????????????????
???????????????????? 
 ????Rab ?????????????Rab ?????????????????????
???????????????Rab9???????????????????????Rab?
????????????????????????????????????????????
?????Zerial & McBride 2001; Stenmark 2009; Dong et al. 2013??tail-interacting protein of 
47 kDa?TIP47???Rab9?????????????1??????Rab9????????
???????????????????????????Ganley et al. 2004; Aivazian et al. 
2006??Ganley???TIP47?Rab9???????????????????Ganley et al. 2004??
Ganley???Rab9????????????????TIP47????????????????
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??????????????????Rab9????? 4?? 1?????????????32
???? 8????????????TIP47???????????????????Rab9??
10%??? 20%??????TIP47?????????Rab9????????????????
??????????Ganley???TIP47? Rab9????????????????????
???? 
 ???????????? Rab????? Rab9????????????????TIP47?
???????????????Aivazian et al. 2006??Aivazian??????????????
????????????Rab5?????????????????????????????
Rab9???????????????????Rab5/9????????????Rab5/9?green 
fluorecent protein?GFP?????????GFP-Rab5/9??????????????????
??????????????GFP-Rab5/9??????????????????????Rab9
????????????TIP47???????????????TIP47?GFP-Rab5/9???
??????????GFP-Rab5/9????????????????????????????
??????????????????TIP47? Rab5/9???????Rab9????????
?????????????????????????????? 
 ??????Rab???????????????????????????????????
??????????????Rab????????????????????????????
??????? 
 
1.4 Rab6 ??? 
 ??????Rab?????????Rab6???????????????????????
????????????????Rab6???????Golgi apparatus??????medial Golgi 
cisternae???????????trans-Golgi cisternae????????????????????
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???????????Beranger et al. 1994b; Martinez et al. 1997??????????????
???-???????????????????????????Martinez et al. 1997; Girod et 
al. 1999; White et al. 1999?????????????????????????2??????
????Rothman & Wieland 1996; Girod et al. 1999????????????????????
? I?coat protein I: COPI????????????????KDEL???KKXX??????
??????????????????????????????????-??????????
???????COPI??????????????????????????????????
?????? cholera toxin???????????????????????????????
????????????????Lencer et al. 1995; Majoul et al. 1996?????Rab6?COPI
????????????KDEL???KKXX??????????????????????
???????????????Girod et al. 1999; White et al. 1999?? 
 Rab6???????????Rab6A?Rab6A'?Rab6B?Rab6C????? 4???????
????????????Liu & Storrie 2012??Rab6A?Rab6A'??????????????
????????Echard et al. 2000????Rab6B????????????????Opdam et 
al. 2000??Rab6C ???????????????????????????????????
???Young et al. 2010??Rab6A?Rab6A'????????????????????Echard et 
al. 2000????????????????????Mallard et al. 2002; Del Nery et al. 2006??
???Rabkinesin-6?KIF20A/RAB6KIFL/MKlp2????????????Rab6??????
?????????????Rab6A????????Rab6A'????????????????
????Echard et al. 2000??Rab6??????Rab6?N????????????????
????????????Beranger et al. 1994b?? 
 
1.5 Rab6A ??????????????????????????????????
 17 
??? 
 ??????Rab6A ?????????????????????????????????
?????????????????????????Kano et al. 2000; Kano et al. 2009; Kano 
et al. 2011??? 5??????Rab6A???????????????????????????
????????????Rab6A ????????????????????????????
???????????????? 
 ???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????O?streptolysin O: SLO??????Bhakdi et al. 1985; Kano et al. 
2012??SLO??????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????????? ATP ???????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????? 
 ????????Rab??????????????????????????????????
Rab??????????????????????????Rab??????????????
?????????Rab?????????????????Seabra & Wasmeier 2004??Rab
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?????? Rab?????????????????????????????????? 2?
????????????????????????????????????????????
???????????????????????????Rab???????????????
?????????????????????????????????????????????
?????????Rab6A? glutathione S-transferase?GST???????????????
?GST–Rab6A??????????????????????????? 
 ????GST–Rab6A ?????????????????????????????????
GST?????????????????????GST–Rab6A??????????????
?????????SDS-PAGE????????Rab6A??????????????????
???liquid chromatography–tandem mass spectrometry: LC–MS/MS????????Rab6A
????????????????????????????????????????????
?????????????????Rab6A ???????????????????????
????????????????????????????????????????????
?????????????????????????????? Rab6A ??????????
???????????????Rab6????????????????? 
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? 2 ? ?? 
2.1 ??????? HeLa?????? GST–Rab6A???????????????
???? 
 Rab6A ???????????????????????????????????????
????????GST??Rab6A??????GST–Rab6A?????????????????
??????????????????????????? 6????????????????
????????GST–Rab6A???????HeLa????????????????????
??????????????GST–Rab6A????????HeLa?????????????
????GST–Rab6A??????????????GST??????????????? 
 ???????????????GST–Rab6A?????????????? 4.14.1????
??? GST–Rab6A ???????????????????? BL21 ??
isopropyl-β-D-thiogalactopyranoside?IPTG??????30˚C? 3?????????????
?????Glutathione Sepharose 4B ??????? GST–Rab6A ??????????
GST–Rab6A ???????????????????????????????-??????
??????????sodium dodecyl sulfate-polyacrylamide gel electrophoresis: SDS-PAGE?
???????Coomassie brilliant blue?CBB???????????GST–Rab6A?????
???????????? 7A??? Rab6 ??????????????????????CBB
????????????Rab6??????????????????7B??????????
????GST–Rab6A?????????? 
 ???HeLa??????????????????????????Kano et al. 2000????
SLO??????????????????HeLa??? 0.20 µg/ml?SLO??????? 5?
??????????32˚C? 5?? transport buffer?TB?????????????????
????????????????????????????????????????????
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???????????????????????????????????????????? 
 ???????????HeLa??? GST–Rab6A?????????GST–Rab6A????
?????????????????????? 4.11??????????????????HeLa
????????? SLO ?????????????????????5 µg/100 µl ?????
GST–Rab6A?ATP ????1 mM ATP?50 µg/ml creatine kinase?2.62 mg/ml creatine 
phosphate??1 mg/ml? glucose??? 1 mM?GTP????????????L5178Y???
????????????? 3 mg/ml??????????????32˚C? 30????????
????TB??????????????????????????? 30??????????
??????????Alexa Fluor® 488???GST?????????????????????
??????????????????????????????LSM510 ??????????
?????????????????GST–Rab6A?????????????????????
??????????????GST–Rab6A??????????????????????8A??
????????GST–Rab6A????????????????????????????4.11
?????????????????????1??????????????1.64?????8B??
GST–Rab6A????????????????????????????????? 
 ????GST–Rab6A ??????????????????????????Alexa Fluor® 
488 ??? GST ????????????????????????????????????
???????????????????ERGIC-53?ERGIC??GM130?????????p230
???????????????????????????EEA1???????????????
?????????????? HeLa ??? GST–Rab6A ?????L5178Y ????????
32˚C? 30????????????????????????????Alexa Fluor® 488??
? GST ????????????????????????????????????????
???????????????????????????????p230?GST–Rab6A???
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?????????????? 9?????ERGIC-53 ? GM130 ??????????????
????????????????????? 9?????GST–Rab6A? EEA1???????
?????? 9??????????GST–Rab6A ?????????????????????
?????????????????????????????????????????HeLa
??????GST–Rab6A??????????HeLa?????????Rab6???????
??????????????Goud et al. 1990; Antony et al. 1992; Beranger et al. 1994b?? 
 ???GST–Rab6A??????????????????????????????????
HeLa???GST–Rab6A?ATP????glucose?GTP??? 0?0.5?1?3 mg/ml?L5178Y
????????32˚C? 30????????????????????????????Alexa 
Fluor® 488???GST??????????????GST–Rab6A?????????????
????????????????????????????????????????
GST–Rab6A??????????????????????????? 10??L5178Y????
?????? 4.10????????????????????????????4 mg/ml???
?????????????????????????????????3 mg/ml?L5178Y??
???????????? 
 ????GST–Rab6A???????????????????????????????HeLa
??? GST–Rab6A?ATP????glucose?GTP?3 mg/ml? L5178Y????????32˚C
? 5?10?30?70????????????????????????????Alexa Fluor® 488
???GST?????????????GST–Rab6A???????????????????
? 11??????GST–Rab6A????????????? 32˚C??????????30??
????????????????????????????????????????????
???????????30???????????????????????? 
 ???GST–Rab6A??????????????????3 mg/ml?L5178Y??????
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??32˚C ? 30 ?????????????????????????????? GST–Rab6A
???????????????????????? 
 
2.2 GST–Rab6A ???????????????? Rab6A ????????????
?????????????? 
 Rab??????????????????????Rab?????????????????
?????Johnston et al. 1991; Khosravi-Far et al. 1991; Kinsella et al. 1992?????????
??Rab???????????????????????????????????Calero et al. 
2003; Gomes et al. 2003??????????????????????Triton X-114?????
?????Triton X-114 phase partitioning?????????????????????L5178Y
???????????GST–Rab6A ???????????????????????????
????????????????????????????????????????Rab??
????????????detergent phase: DP????????Bordier 1981; Brusca & Radolf 
1994; Bustos et al. 2012?? 
 GST–Rab6A?????????HeLa?????????????? 8A?Cytosol?+???
????????????????? 8A?Cytosol?−???????????32?? 30???
?????????????????????????Triton X-114?????????????
???? 4.20???????????????GST–Rab6A?DP???????? 12A?????
??????? GST–Rab6A ? L5178Y ???????????????????? 12B ?
Cytosol?+????DP???? GST–Rab6A???????? 12B; ????????????
?????????L5178Y???????? TB????? 12B? Cytosol?−????????
?????????????????????GST–Rab6A?DP??????????????
?????????????????????????????L5178Y???? 32?? 30??
 23 
????????????GST–Rab6A????????????????????? 
 ? 8 ????????????????Cytosol?−???????????????????
GST–Rab6A????????????????????????????????HeLa???
???????????GST–Rab6A???????????????????????????
????????????????????????????????????????????
????????????????????Drenan et al. 2004; Boldogh et al. 2007???????
??????HeLa?????????????KCl???TB???????????KCl??
???TB????????????????????????????????????????
??????GST–Rab6A????????????????????????1.63 ± 0.05???
??? 1.18 ± 0.03???????? 13?????????GST–Rab6A ???????????
???????????????????????????????GST–Rab6A???????
??????????????????8??????????GST–Rab6A?????????
??????????????????????????????????????????
GST–Rab6A??????????????????????????????????????
?????????????? 
 Rab6A ?????????????????????????????Young et al. 2005; 
Grigoriev et al. 2007???? 2 ??????????????????????????
GST–Rab6A????????????????????????????????????HeLa
??????????????GST–Rab6A????????????????????????
????????????????????????GST–Rab6A??????????????
???????????????????????????????????????nocodazole?
?????????????????????HeLa????????????????????
??????GST–Rab6A????????????????????????????????
 24 
?Kano et al. 2000????2 µg/ml????????????????????????????
??????????????????????????????????????HeLa????
2 µg/ml????????????37?? 20???????????????????????
???1 µg/ml??????????L5178Y???????????????????????
???????? 4.11??? 4.12???????Alexa Fluor® 488???GST???? β-tubulin
?????????????????????????????????? β-tubulin?????
???????????? 14?Nocodazole?−?????????????????? β-tubulin
???????????????????? 14?Nocodazole?+???????????????
???Alexa Fluor® 488???GST????p230????????????????????
????????????????????????????? p230????????????
?????????????????????????????????? 14???? p230??
????????????????????????????????????????????
Alexa Fluor® 488 ??? GST ???? p230 ????????????????????
GST–Rab6A ?????????????????????????????????p230 ??
????????14??GST–Rab6A???????????????????????????
????????????????????????????????????????????
?? 15????????????????HeLa??????????????????????
GST–Rab6A??????????????? 8??? 9??????????????????
???? 
 
2.3 GST–Rab6A ??????????????????????????? 
 GST–Rab6A ???????????????????????????? 8 ??? 9????
???????????????????????????????????? Rab6A ????
 25 
????????????? Rab6A ??????????????????????????
Rab6A???????????????????????????????????16?????
???????GST–Rab6A????????????????Glutathione Sepharose 4B??
?? GST–Rab6A ??? GST–Rab6A ??????????????????????
GST–Rab6A??????????????????????????????????????
???????????????GST–Rab6A ??????????????????????
GST–Rab6A????????????????????????????? 
 ????????GST–Rab6A??????????????? 16? Sup??GST–Rab6A?
????????????????????GST–Rab6A????????????????Cytosol
?−RBP?????????????????????L5178Y????GST?????????
?????GST ????????????????Cytosol?−GST?????????????
? 16????????????????????????????GST–Rab6A???????
????????????????GST?????????????????????????Cytosol
?−RBP???????????????????????????Cytosol?−RBP????Cytosol
?−GST???????GST???????????????????????????????
??????Input??????????????????Depleted?supernatant?????
GST–Rab6A????GST??????????? 17??????GST–Rab6A????GST
???????????Cytosol?−RBP?????Cytosol?−GST??????????????
?? 
 ????????????????????????????GST–Rab6A?????????
???????Cytosol?−RBP????Cytosol?−GST???????????????GST–Rab6A
???????????????Cytosol?−GST???????????L5178Y???????1.52 
± 0.01?? 8A?Cytosol?+?????????????????1.39 ± 0.04?????????
 26 
??? 18????????GST??????????????????4???????????
????Cytosol?−GST?????????????????????????????Cytosol
?−RBP???????Cytosol?−GST??????????GST–Rab6A??????????
?????1.08 ± 0.05???????????? 18B???????????GST???????
??????GST–Rab6A??????????????Rab6A?????????GST–Rab6A
???????????????????????????? 
 ??????GST ???? GST–Rab6A ????????????????????????
GST–Rab6A ?????????????????????????????????Rab6A ?
???????????????????????????????????GST–Rab6A???
?????????????GST???????? 16?????Glutathione Sepharose 4B??
??????????????????? 4.15.1??????????????? SDS-PAGE?
??????SYPRO Ruby?????????????GST–Rab6A?????????? 100 
kDa ???????????? 19A?????????????????LC–MS/MS ?????
??????Bicaudal-D?BICD?2??????????????? 1??????????BICD2
?????????????????????????????? 19B??????Cytosol?−RBP?
???Cytosol?−GST???????BICD2???????????????????????
???Cytosol?−RBP??????BICD2????Cytosol?−GST?????????????
???????????? 20???????????Rab6A?????????????????
????? HeLa ?????? GST–Rab6A ???????????????????????
??????????BICD2??????????????????? 
 
2.4 ??????? Rab6 ??????? BICD2 ??? 
 ?????????????????????RNA?small interfering RNA: siRNA????
 27 
RNA??????????????????????HeLa????????Rab6A?????
?????????????BICD2???? Rab6????????????????????
??????siRNA??????????????????????????BICD2???? 2
????? siRNA?BICD2 siRNA #1?BICD2 siRNA #2??????????????????
????????HeLa???BICD2 siRNA #1?BICD2 siRNA #2?????????????
? scramble siRNA????????????????????????????72?????
???????BICD2????????????????????????????BICD2 siRNA
?????????????HeLa??????BICD2??????????????????
?????? 20-30%???????BICD2 siRNA #1??????????????28.91% ± 
7.83%?BICD2 siRNA #2??????????????24.02% ± 5.22%; ? 21???Rab6??
????????????????????????BICD2??????????????Rab6
????????????????????????? 21?? 
 ???????????BICD2 ??????????????? Rab6 ??????????
????BICD2 siRNA???? scramble siRNA????????????? 72????HeLa
????????Rab6?????? p230????????????????????????
???????????????HeLa?????Rab6?????????Rab6A?Rab6A'?
2????????????Opdam et al. 2000; Young et al. 2010????? 2????????
????????????3??????????????Echard et al. 2000????Rab6A?
????????????????????????????????????Rab6A?Rab6A'
????????? Rab6 ?????????????BICD2 ???????????????
?????p230 ?????????? Rab6 ???????????????????????
????????????????????Rab6?????????????????? 22A??
?????????????? Rab6 ???????????????????BICD2 ????
 28 
?????????????????Rab6?????????????? 22B???????Rab6
??????????????????????????BICD2 ??????????????
Rab6 ????????????????????????? 21??????BICD2 ?????
??????Rab6???????????????????????? 
 ???????????BICD2 ????????????? Rab6 ????????????
????????BICD2 siRNA???? scramble siRNA?????????????72??
??????????????????????????????????????Rab6???
???????????????????????????Rab6???????????BICD2
???????????????????????Rab6??????????????????
??????????????? Rab6 ???? 1 ??????????????? Rab6 ??
BICD2 siRNA #1?????????????? 1.085 ± 0.086?BICD2 siRNA #2??????
????????1.135 ± 0.091?????? 23?????????????Rab6?????BICD2
???????????????????????????????????????Rab6??
?? 1?????????????Rab6??BICD2 siRNA #1??????????????
0.927 ± 0.043?BICD2 siRNA #2??????????????0.880 ± 0.038 ?????? 23?? 
 ???????BICD? 2???????BICD1?BICD2????????????????
??????????????????????????????Hoogenraad et al. 2001; 
Matanis et al. 2002; Fumoto et al. 2006; Dienstbier & Li 2009; Terenzio & Schiavo 2010????
??BICD2????????BICD1????????????BICD1/BICD2????????
????????????????BICD1???? BICD1/BICD2?????????????
???Rab6?????????????????????????BICD1/BICD2??????
????????????????????Rab6???????????????????? 1
?????1.138 ± 0.090??????????Rab6????????????????????
 29 
????????1?????0.878 ± 0.073??? 24??????BICD2???????????
????????????????BICD1 ??????????????????? Rab6 ??
???????????????????????????????? 25??BICD1??????
?????? BICD1/BICD2??????????????BICD2??????????? 21?
?????Rab6????????????????????????? 26???????????
????????BICD2????Rab6??????????????????BICD1????
????????????? 
 
2.5 ??????? HeLa?????? GST–Rab6A???????????????
? BICD2 ??? 
 ? 22??? 23??????????????BICD2?????????????Rab6??
?????????????????????????????Rab6A ???????????
????????????Rab6A?Rab6A'?????????????????????????
? BICD2 ???????????????????????????????????
GST–Rab6A????????????????????????????? 
 ???????? BICD2?????? BICD2?????????????????????
??????L5178Y?????????????HeLa S3?????????????????
?????????????????????????HeLa S3???????????L5178Y
???????????GST–Rab6A???????????????????????????
BICD2???GST–Rab6A???????????????????????????????
GST–Rab6A?ATP????glucose?GTP???? 3 mg/ml?HeLa S3???????????
???????HeLa????BICD2???????????? rabbit IgG?????32?? 30
??????????????????BICD2????????????GST–Rab6A????
 30 
???????????????????????? 27?????? BICD1?????????
?????BICD2 ?????????????????? BICD1 ????????????
GST–Rab6A????????????????????????????? 28?? 
 ??????????????????????????Rab6A????????GST–Rab6A
???????????????????????????????????????????
Rabkinesin-6????????????????????????Rab6A??????????
?Echard et al. 1998; Echard et al. 2000??????????????????????????
?????Echard et al. 1998; Hill et al. 2000??Rabkinesin-6 ??SYPRO Ruby ????
GST–Rab6A??????????????????????? 19A????Rabkinesin-6??
????????????????????????GST–Rab6A??????????????
??????? 29???????Rabkinesin-6????????BICD1????BICD2???
???? 27??? 28????????????GST–Rab6A?ATP????glucose?GTP??
?? 3 mg/ml?HeLa S3??????????????????HeLa????Rabkinesin-6
???????????? rabbit IgG?????32?? 30?????????????????
? Rabkinesin-6????????????GST–Rab6A??????????????????
??????????? 30?? 
 ???RINT-1/ZW10?????Rab6A?????????????????????????
???????ZW10??????????????????????????????????
?Hirose et al. 2004??RINT-1?ZW10????????????????????Arasaki et al. 
2006??Sun???Rab6? RINT-1/ZW10????????????????????????
??Sun et al. 2007???????ZW10????????BICD1????BICD2???????
27??? 28???Rabkinesin-6??????? 30????????????GST–Rab6A?ATP
????glucose?GTP???? 3 mg/ml?HeLa S3??????????????????HeLa
 31 
????ZW10???????????? rabbit IgG?????32?? 30??????????
????????ZW10????????????GST–Rab6A???????????????
?????????????? 31?????GST?????????????????GST–Rab6A
????????GST???????????ZW10???????????????????
?????Rab6A?ZW10?????????????????29?????????RINT-1/ZW10
?????GST–Rab6A?????????????????????????????? 
 ??????????????????????????????????????? 27?28?
30??? 31????????????? 22-25?????????????HeLa???????
BICD2?GST–Rab6A???????????????????????????????BICD1?
Rabkinesin-6????RINT-1/ZW10?????GST–Rab6A????????????????
?????????????? 
 ??????????BICD2 ?????????????????????????????
????????BICD2??????Rab6A???????????????????????
??????BICD2??????????????Cytosol?−RBP?????GST–Rab6A??
??????????????????????????????????????BICD2?His
?????????????????????????????BICD2???????????
???????????? complementary DNA?cDNA?????????BICD2 cDNA??
????????????BICD2 cDNA????????????????BICD2?????
??? 95%???????BICD2 cDNA????????????BICD2?????????
??????????????? BICD2? His???????????????His-mBICD2?
?????????????????????????????????????????????
????GST–Rab6A??? ATP??????????????????HeLa??? Cytosol
?−RBP???? His-mBICD2 ????????????????Cytosol?−RBP??????
 32 
??32?? 30?????????????????????????????????????
His-mBICD2 ??????????????????Cytosol?−RBP??????????
GST–Rab6A?????????????????????????????????????1
?????1.26 ± 0.07; ? 33??????????BICD2?GST–Rab6A??????????
?????????????????? 
 
2.6 Rab6A ????????????????????? BICD2 ??? 
 BICD2 ?????????? Rab6 ??????????????????????????
???????????????? 22 ??? 23????????? HeLa ??????
GST–Rab6A??????????????BICD2??????????????????27??
Rab6A ????????????????????????????????????????
??????????????????????????Rab6A ??????????????
?????BICD2?????????????fluorescence recovery after photobleaching: FRAP?
???????????????????BICD2?Rab6A???????Rab6A??????
?????????????????????????? BICD2 ? Rab6A ?????????
?????????????GFP?????? Rab6A?GFP–Rab6A????????????
??? 
 BICD2????C????????Rab6??????????????????Matanis et al. 
2002; Bergbrede et al. 2009????????????BICD2?C???????????706
??? 810??BICD2706–810??mCherry??????????mCherry–BICD2706–810????
??C??????????mCherry??????mCherry–BICD21–705???????? 34??
HeLa???????GFP–Rab6A???mCherry–BICD2706–810??????????????
????????????????GFP–Rab6A?mCherry–BICD2706–810??????????
 33 
??? 35?mCherry–BICD2706–810????????????????? p230????????
??????????????????????????GFP–Rab6A ???
mCherry–BICD2706–810??????????????????????????????? 36
? BICD2706–810???????????GFP–Rab6A?mCherry–BICD2706–810????????
??????????????????????????????????????GFP–Rab6A
?mCherry–BICD21–705????????????? 35?mCherry–BICD21–705???????
?????????GFP–Rab6A?mCherry–BICD21–705??????????????????
??????????? 36??????????????????mCherry–BICD2706–810 ?
mCherry–BICD21–705???????????????GFP–Rab6A?????????????
??? 36??????GFP–Rab6A???mCherry–BICD21–705???????????????
?????????????? 36??BICD2?N?????????????????????
????????Hoogenraad?????Hoogenraad et al. 2001???????? 
 ??????????????GFP–Rab6A???BICD2???????mCherry–BICD2706–810
????mCherry–BICD21–705??????????mCherry?????????mock????
????????????FRAP????GFP–Rab6A????????????? 4.19???
???????HeLa???GFP–Rab6A???BICD2????????????????mCherry
??????????????????????????????37?? 24???????24?
???LSM510?????????????????????????????????????
????????????????GFP–Rab6A??????????????????? 10?
????????????????????????????GFP–Rab6A???????????
????????????????????????????????????????????
????????????????????????????????????????????
FRAP?????GFP–Rab6A??????????????-??????GFP–Rab6A???
 34 
??????????????????mCherry–BICD21–705???????????????
?mock; mCherry????????GFP–Rab6A??????????????????-???
??? GFP–Rab6A ????????????????????? 37?????
mCherry–BICD2706–810??????????????????????????-??????
GFP–Rab6A??????????????????????? 37???????????BICD2
? C ?????BICD2706–810??????????? GFP–Rab6A ?????????????
?????? BICD2 ?GFP–Rab6A????????????????????????-??
????GFP–Rab6A???????????????????????????????BICD2
? C????????????????GFP–Rab6A???????????????????
?????? 
 
2.7 Rab6 ????????? BICD2 ??? 
 ?????Rab??????GTP???????????????????Zerial & McBride 
2001??????BICD2?Rab6?????????????????BICD2?Rab6?GTP?
?????????????????????????BICD1?????????BICD2???
??????????BICD1/BICD2????????????????????????BICD1
?????????BICD2 ?????????GTP ??? Rab6?Rab6-GTP????????
??????????Nizak?????Nizak et al. 2003?????Rab6-GTP?Rab6A-GTP?
Rab6A'-GTP??????????????????????????????????????
???????????????????????????Rab6-GTP????????????
????BICD1 siRNA?????????BICD2 siRNA?????????? scramble siRNA?
?????????????72????HeLa????????Rab6-GTP????Rab6???
????p230?????????????????????????????BICD2?????
 35 
????BICD2 siRNA #1?BICD2 siRNA #2?????BICD1 siRNA #2???BICD2 siRNA 
#2?BICD1+2 siRNA??????????????????????????????????
Rab6-GTP?????????????????????? 38??BICD1?????????BICD2
?????????Rab6???????????total Rab6??GTP????GDP??????
???????????????????????? 21 ??? 26??????????????
???? 38????????????????? total Rab6???Rab6-GTP????????
?????total Rab6????Rab6-GTP????Rab6-GTP/Rab6?????????? 4.9?
?????????????????????????BICD2 ????????????BICD2 
siRNA #1?BICD2 siRNA #2?????BICD1+2 siRNA?????????????????
??Rab6-GTP/Rab6???????BICD1??????????????BICD1 siRNA #1 ?
??? BICD1 siRNA #2???????????????????Rab6-GTP/Rab6?????
??????????? 39?????????BICD2? Rab6? GTP????????????
BICD1????????????????? 
 
2.8 Rab6A ?????????????? BICD2 ??? 
 Rab6??????????????????????????????????Martinez et al. 
1997; Girod et al. 1999; White et al. 1999; Grigoriev et al. 2007??Rab6A???????BICD2
????????????????????????????????????????????
???????? 
 Rab6A??COPI???????????????????????????????????
?Martinez et al. 1997; Girod et al. 1999; White et al. 1999??BICD2????????????
??????????????Matanis et al. 2002?????????????????????
????????2?????????????????????????A?brefeldin A: BFA?
 36 
?????? GFP?? galactosyltranferase?GT; GT–GFP????????????????
??????????????????GT ????????????????????????
GT–GFP ??????????????????????????????Strous et al. 1991; 
Cole et al. 1996; Sciaky et al. 1997; Kano et al. 2000; Morikawa et al. 2009???????????
Rab6????????????BICD2?????????????????? scramble siRNA
??????????????GT–GFP????????????????????????BFA
??????????????????LSM510??????????????????????
??Rab6????BICD2?????????????????siRNA???????????
?? 72????????????Rab6??????BICD2????????????????
???????? 40A?? 
 BFA?????????????????????????????????????????
????????????????????????????????????????????
40B?????BFA???????????????????????????????????
????????????????????????????Golgi??????????????
???Golgi + tubules???????????????????????tubules + ER??????
????????????????ER??? 4????????????BFA?????? 0?5?
10?30??????????????????????????????????????? 41
?????????Golgi??????????? siRNA???????????????BFA?
????? 30???? 0%???????????Rab6????????????BICD2??
????????????????????????????????????????????
???????Golgi + tubules??????BFA?????? 10??????????????
30???????? 0%????????Rab6???????????? BICD2??????
????????????????????????????????????????????
 37 
??BICD2?Rab6??BFA??????????????????????????????
????????????????????????????????????????????
??????????????Rab6 ?????????? BICD2 ?????????????
??????Rab6 ???????????? BICD2 ???????????????????
?????? tubules + ER????????????ER???????????????? 41??
???????BFA ????????????????????????????????Rab6
?????????? BICD2??????????????????????????????
????????Rab6 ????????? BICD2 ????????????????????
????????? 41?????????Rab6?BICD2??????????????????
????????????????????????????????????????? 
 ??????????????????????????????????Rab6 ????
BICD2????????????????COPI??????Rab6?????????????
??????????Alexa Fluor® 488??Shiga toxin 1?Stx1??????????????
?Girod et al. 1999; Chen et al. 2003????????????????????????????
?????????????????????????COPI ???????????????
Alexa Fluor® 488?? cholera toxin B subunit?CtxB????????????????? 4.21
???????????Chen et al. 2003??????Rab6???????????BICD2??
???????????????????????Alexa Fluor® 488??CtxB????????
?????????????????? 42?? 
 ???????????????????????????????????GFP ?????
? ts045 vesicular stomatitis virus glycoprotein?VSVGts045; VSVGts045-GFP???????
???????? 4.22???????VSVGts045??VSVG????????????????
??39????????????????????????? 32??????????????
 38 
???????????Presley et al. 1997; Hirschberg et al. 1998???????????Rab6
????????????BICD2?????????????????? scramble siRNA??
???????????? VSVGts045-GFP ???????????????????????
? 39?? 24??????????????32?????0?15?30?60?90?120??????
??????????????LSM510??????????????????????????
?????????????? VSVGts045-GFP ?????????????????????
VSVGts045-GFP???????????????ER??Golgi??PM?? 3????????
?? ER??VSVGts045-GFP?????????????????????????Golgi??
VSVGts045-GFP??????????????????????????????????PM
??VSVGts045-GFP??????????????????????????????????
??????????????????????????????VSVGts045-GFP??????
??????????????Rab6 ??????????????????????
VSVGts045-GFP???????????????????????????????BICD2?
??????????????????? 43??? 44?? 
 ??????????-?????????????????????????????????
?????????? cation-independent mannose-6-phosphate receptor?CI-M6PR?Young et 
al. 2005; Adachi et al. 2009????????????????????????????????
?????Rab6 ???????????? BICD2 ??????????????????
scramble siRNA??????????????????siRNA????????????? 72
????????????CI-M6PR??????p230???????????????????
?????Rab6 ???????????p230 ?????? CI-M6PR ???????????
BICD2???????????CI-M6PR???????????????????? 45????
??????COPI???????????????????????????????????
 39 
???????????????BICD2?Rab6?????????????????????? 
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? 3 ? ????? 
3.1 ???????????????? 
 ??????Rab6A ?????????????????????????????????
?????????????????Rab6A ??????????????????????
Rab6A ????????????????????????????????????????
???? 
 ???????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????Rab?????????Rab6A??????Rab6A?????????????
???????????????????????????????????????? Rab6A
???????60??????????Rab????????????????????????
?????? GTP ???????????????????????????????????
????????????????????????????????????????????
????? 
 ???????????????????????????????????? Rab6A ???
???GST–Rab6A??????????????????????????8??? 9????
????????????????????????????????????????
GST–Rab6A????????????Cytosol?−RBP?????GST–Rab6A???????
??????????????? 18B????Rab6A?????????GST–Rab6A????
?????????????????????????? 2?????????GST–Rab6A??
???????????????????????????LC–MS/MS?????Rab6A???
???????????????????????????????????????19A??1??
 41 
?????????????????????????????? GST ???????????
????????????????????????????????????????????
???????????????? 
 
3.2 GST–Rab6A ?????? 
 ???????????????????????GST–Rab6A??????????????
????????????? 8??? 9??Rab??????????????????Rab??
????????????????????Johnston et al. 1991; Khosravi-Far et al. 1991; 
Kinsella et al. 1992??? 12A????????????????????L5178Y??????
???????????? HeLa ??????????????? GST–Rab6A ???????
??????????????Rab ???????????????????????? Rab ?
??????? Rab ?????????????????????????????????
?Beranger et al. 1994a; Tisdale et al. 1996; Erdman et al. 2000; Gomes et al. 2003; Coxon et al. 
2005?????????????????? Rab ?????????????????? 12A ?
?????????????Hoffenberg et al. 1995; Tisdale 1999??????????????
????????????????????????????????? 1??????????
?????????????????????geranylgeranyl pyrophosphate: GGPP?????
???????????????????????????????????????????
12A???????????GGPP??????????GST–Rab6A? L5178Y??????
?????????????????????in vitro???????????Rab??????
??????????GGPP????????Soldati et al. 1993; Tisdale 1999; Tisdale 2003; 
Coxon et al. 2005????? 4?????????????? 12A????GST–Rab6A????
?????????????GGPP????????????????????????????
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??? GST–Rab6A ????????????????????? HeLa ??????????
????????????????????????????????????????????
???????????????????GST–Rab6A???????????????????
???????????????????? 
 
3.3 BICD1 ??? BICD2 ?????? 
 ??????GST–Rab6A???????????????????? 100 kDa??????
?BICD2???????LC–MS/MS?????????? 19A?? 1?? 
 BICD?????Drosophila????????????????????????Dienstbier & 
Li 2009; Terenzio & Schiavo 2010?????????????????????????????
????????????????????????BICD?????????BICD1?BICD2
??????Hoogenraad et al. 2001??BICD1???BICD2???????????????
????????????????????????????????????????Hoogenraad 
et al. 2001; Matanis et al. 2002; Fumoto et al. 2006?????BICD1???BICD2??????
??????????????????????????????Rab6A ??????????
?????Matanis et al. 2002?? 
 BICD1?BICD2?????????????????????BICD1???BICD2????
??Rab6 ???????????????????????????????????????
???????Matanis et al. 2002??BICD1??????BICD1?????????????-1
?protease-activated receptor-1: PAR1????????PAR1?????????internalization?
?????????????Swift et al. 2010???????????????????????
?Fumoto et al. 2006????????BICD2??????????G2???????????
?????RanBP2?????????????????????????????Splinter et al. 
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2010????????BICD1?BICD2????????????????????BICD1?BICD2
???????????????????????Fumoto et al. 2006????????????
??BICD2 ? Rab6A ?????????????????????????????????
BICD1?????BICD2?????????????? 
 ????????????????? 1?????????????????????????
?????????????????BICD1????BICD2????????????????
?????????GST–Rab6A?????????????????????????????
??????????????????????????? BICD2?????????????
??GST–Rab6A???????????????????? 27????BICD1???????
????????GST–Rab6A ?????????????????????????????
28?????????????BICD2?Rab6A??????????????????????
???????? 
 ?????????????????????Rab6A ?????????? Rabkinesin-6
?Echard et al. 1998; Echard et al. 2000???????????Rabkinesin-6????????
???????GST–Rab6A????????????????????????? 30??????
BICD1?Rabkinesin-6 ?????????????????????????????????
?????????????? 28??? 30??????????????BICD1?Rabkinesin-6
??????immunodepletion????????????BICD1????Rabkinesin-6????
??????????????????????????HeLa???????????????
??BICD1?Rabkinesin-6????????????????????? 
 ???????????????????????????????????????????
??????????????BICD2 ??????????????His-mBICD2?? Cytosol
?−RBP????????????HeLa?????????????????????????
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?????His-mBICD2 ? Rab6A ???????????????????????????
His-mBICD2 ?????????GST–Rab6A ??????????????????????
????? 33???????????Rab6???????????BICD2?????siRNA?
??RNA????????????????????????????????????????
? Rab6?????????????????????Rab6????????BICD2????
????????????????????scramble siRNA????????????????
???Rab6 ?? 50%??????????????????????????????? 23A?
24A???? 25A???BICD2 ?????????????????????????????
???? Rab6?????????????? 23??BICD1????? BICD2????? 23?
????????????BICD1 ????????????????????????????
?????Rab6???????????????????? 25?????BICD1/BICD2???
??????????????????? Rab6 ?????BICD2 ?????????????
????? 24???????????????????? 23-25????????????BICD2
?Rab6????????????????????????????????????????
??? 22??? 23???????????????????????????????????
?? 27??? 33???????????BICD2?Rab6A?????????????????
???????????????? 
 
3.4 BICD2 ????? Rab6A ?????????????????? 
 BICD2???Rab6A?????????????????????BICD2?N??????
???BICD2 ? C ??????????????GFP–Rab6A ??? BICD2 ? C ????
?mCherry–BICD2706–810????????????????????????????????-
??????GFP–Rab6A???????????????????????37????????
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??????GFP–Rab6A?mCherry–BICD2706–810????????????35???????
???????????????????????????????????????????
??????? 36?????BICD2?N?????mCherry–BICD21–705????????37?
??????????????????????????-?????? GFP–Rab6A?????
???????????????????????????GFP–Rab6A?mCherry–BICD21–705
???????????????35????????????????????????????
??????? 36??GFP–Rab6A?mCherry–BICD21–705?????????????????
??35???BICD2?N?????Rab6A????????????????Fuchs et al. 2005?
???????????????BICD2?N?????????-??????????????
????????Hoogenraad et al. 2001; Hoogenraad et al. 2003??Rab6A?????-????
?????????????????????????Short et al. 2002; Fuchs et al. 2005; 
Wanschers et al. 2008; Bergbrede et al. 2009 ???????? GFP–Rab6A ?
mCherry–BICD21–705?????????????????????-?????????????
?????????????????BICD2?N????? BICD2????????????
???Hoogenraad et al. 2001????????GFP–Rab6A?mCherry–BICD21–705?????
???????? BICD2 ??????????????????????????????
GFP–Rab6A?mCherry–BICD21–705??????????????? 36??????????
????????????GFP–Rab6A?mCherry–BICD21–705??????? 35??????
???????????????????????????????????GFP–Rab6A ?
mCherry–BICD21–705??????????????????? 35???Rab6A? BICD2?N
?????????????????Fuch?????Fuchs et al. 2005???????????
?????????????????????????BICD2 ??? C ??????? Rab6A
??????????Rab6A???????????????????????????? 
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 Rab???????????GTP????????????GDP??????GDI????
?????????????????1.2?????? 3?????Zerial & McBride 2001???
??BICD2?GTP???Rab6A????????????????????Matanis et al. 2002; 
Fuchs et al. 2005; Bergbrede et al. 2009??BICD2???Rab6A??????????????
???????BICD2?GTP???Rab6A???????????GTP???Rab6A?GTPase
??????????????? Rab6A ?????????????????????????
???????????BICD2 ??????????????????? Rab6 ???????
????? 23???????total Rab6?????GTP???Rab6?Rab6-GTP???????
?????? 38 ??? 39??mCherry–BICD2706–810????????????-??????
GFP–Rab6A ??????????????????????? 37??BICD2 ????????
?GTP???Rab6???????????BICD2?Rab6A?GTPase???????Rab?
????????????????????????????in vitro????Rab6A?BICD2
?C??????????????????Rab6A????GTPase????????????
?????Bergbrede et al. 2009??Rab4????????????Rabaptin4?Nagelkerken et 
al. 2000??Rab5????????????Rabaptin-5?Rybin et al. 1996??Rab9??????
??????p40?Díaz et al. 1997???????????Rab??????GTPase????
???Rab?????????????????????????? 
 ??BICD2???Rab6A?????????????????????BICD2?GEF??
???????????Rab6?GTP?????????????Rab6???????????
???????????BICD2?Rab6A?GEF??????????????????Rab6A
???BICD2????????????????? in vitro GEF????????GEF???
???????????Rab6A???BICD2????????????????? in vitro GEF
???????BICD2?Rab6A????GEF????????????? 46?????? in vitro 
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GEF?????? 46?????????????????????? Rab6A????????
????GEF?????Rab???????????????????????????Wada et 
al. 1997?????????????Rab6A??????????????????????BICD2
?GEF????????????????????? 
 
3.5 Rab6 ???????????? BICD2 ??? 
 ?????Rab?????????????Rab?????????????????????
??????????????Monier et al. 2002; Wu et al. 2002; Stenmark 2009??BICD1?
BICD2??Rab6????????????????????????Matanis et al. 2002; Short 
et al. 2002; Fuchs et al. 2005??BICD2?Rab6??????????????????????
?Matanis et al. 2002??????????BICD2?Rab6A????????????????
?????????????????? 33???????????BICD2????????Rab6
????????????????????????????????????????????
????????? BICD2???????????? 90%?????????????? 47??
??????????BICD2??? 90%?????????????????????????
???????Rab6 ????????????????? BICD2 ?????????????
????????????????????????BICD2 ????????????????
??????????????????Rab6????????????BICD2???????
??????????? BICD2 ????????????????????Rab6 ??????
?????????????????GFP?????BICD2?GFP-mBICD2?????????
??????????????????????????????GFP-mBICD2???????
??Rab6????????????????????????? 48????????Matanis?
?Matanis et al. 2002???????Rab6????BICD2?????????????????
 48 
?????????????? 48?????????????????????????? 33?
???????Rab6???BICD2??????????????????BICD2???Rab6A
????????????????????????????????????????????
????????????????Rab9?????????????1?TIP47????TIP47
? Rab9 ?????????????????????????????????Ganley et al. 
2004; Aivazian et al. 2006??????TIP47?????????????????Rab9???
?????????????Carroll et al. 2001; Barbero et al. 2002; Hanna et al. 2002; Pfeffer 
2011??BICD2?Rab6A????????????????????????????????
??????????? 
 
3.6 ????????????????????? BICD2 ??? 
 ??????????????????? 2????????? 2.8???????? 2???
?????Rab?????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
????????Zerial & McBride 2001; Stenmark 2009?? 
 ??????BFA?????GT–GFP?????BFA??????????????????
????????????????????COPI?????????????????????
?????BICD2??????????????????41???? 2????????BICD2
????????????????????????????????????????????
??????BICD2????????????????????????Rab6????????
???????????????41??tubules + ER?????ER?????????????
????BICD2?Rab6????????????Rab6??????????????????
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???????????????????????????41?????BICD2?Rab6???
?????????????????????????????Matanis et al. 2002???????
????? 41??????????????BICD2?Rab6????????????????
???????????????????????????????????? 
 
3.7 ?? 
 ???????????????????????????????????????????
?????????????????????Rab6A????????????????????
????????????????????????????????BICD2?Rab6A????
????????????????????????????????????????????
??????????????????????????????BICD2?Rab6A??????
????????????Rab6A??????????????????????????? 
 ?????????????????Rab6A ??????????????????????
?????????????????Rab6A???????????????60???????
???Rab?????????????GTP???????????????????????
???????????????????????????????Rab6A ?????????
????????????????????????????????????????????
?????????????????? 
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? 4 ? ????? 
4.1 ?? 
 GTP?ATP?creatine phosphate?creatine kinase??????????????antipain?
chymostatin?pepstatin A?leupeptin???Sigma???????Nocodazole? Sigma-Aldrich
?????????? BICD2 cDNA ?DNAFORM???????SLO?BioAcademia???
????????Escherichia coli?? BL21?DE3?? Invitrogen?????????????
????????Dulbecco's Modified Eagle's Medium: DMEM???? RPMI1640?????
??????????????fetal bovine serum: FBS??Nichirei Biosciences????Sigma
????????????-????????????GIBCO???????????? ???
??????-??????? B ??? BioWhittaker ????????????????Wako 
Chemicals??????? 
 
4.2 ?? 
 ????????????????? 
?????? 
? Alexa Fluor® 488?? rabbit????????GST???Invitrogen? 
? human????????Rab6-GTP???AdipoGen International? 
? mouse ???????? β-tubulin???Sigma-Aldrich? 
? mouse ????????Calnexin???BD Transduction Laboratories? 
? mouse ???????? ERGIC-53 ???Hans-Peter Hauri ???University of Basel?
Switzerland??????? 
? mouse ???????? glyceraldehyde-3-phosphate dehydrogenase?GAPDH???
?Millipore? 
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? mouse????????GM130???BD Transduction Laboratories? 
? mouse????????GST???Cell Signaling Technology? 
? mouse ????????mCherry ???Clontech? 
? mouse????????p230???BD Transduction Laboratories? 
? rabbit????????BICD1 ???????????????????? 
? rabbit????????BICD2???Abcam? 
? rabbit????????CI-M6PR???IBL? 
? rabbit????????EEA1???BD Transduction Laboratories? 
? rabbit????????GFP???MBL? 
? rabbit????????GST???Sigma? 
? rabbit????????Rabkinesin-6???Bethyl Laboratories, Inc.? 
? rabbit????????Rab6???Santa Cruz Biotechnology? 
? rabbit????????ZW10???Abcam? 
? rabbit????????BICD1???Abcam? 
 
?????? 
? Alexa Fluor® 488???human IgG???Molecular Probes? 
? Cy2???mouse IgG???Chemicon? 
? Cy2??? rabbit IgG???Chemicon? 
? Cy3???mouse IgG???Chemicon? 
? Cy3??? rabbit IgG???Chemicon? 
? Cy5???mouse IgG???Chemicon? 
? horseradish peroxidase?HRP????mouse IgG???Promega? 
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? HRP??? rabbit IgG???Cell Signaling Technology? 
? Immuno-Aptamer TM?Rabbit IgG?????????? 
 
4.3 ???? 
 ?????? 37??5% CO2?????????HeLa ????DMEM? 10% FBS????
????-???????????????????????L5178Y????RPMI1640? 10% 
FBS?????? ?????????-??????? B ????????????? 
 
4.4 ????? 
 ???????????????????? 
?VSVGts045-GFP 
VSVGts045-GFP?????????Jennifer Lippincott-Schwartz???National Institutes of 
Health?NIH??Bethesda?MD?USA??????????? 
 
?GT–GFP 
GT–GFP???????????????????????????Kano et al. 2000?????
????????? 
 
?GFP–Rab6A 
GFP???? Rab6A?GFP–Rab6A???????????????????????????
????????????? 
 
?GST–Rab6A 
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GST????Rab6A?GST–Rab6A??????????GFP–Rab6A???????????
???????polymerase chain reaction: PCR??????Rab6A cDNA???????DNA
???pGEX-5X-1?????GE Healthcare??BamHI/EcoRI??????????????
????????? 
 
?GFP-mBICD2 
GFP?????BICD2?GFP-mBICD2??????????pCMV-SPORT6????????
?BICD2 cDNA?MGC clone 5324113????????PCR??????BICD2 cDNA???
????DNA???pEGFP-C1?????Clontech??EcoRI/SalI????????????
??????????? 
 
?His-mBICD2 
His?????BICD2?His-mBICD2??????????pCMV-SPORT6?????????
BICD2 cDNA?MGC clone 5324113????????PCR??????BICD2 cDNA?????
??DNA???pET-28b?+??????Novagen??EcoRI/SalI?????????????
?????????? 
 
?mCherry–BICD2 
mCherry????? BICD2?mCherry–BICD2??????????pCMV-SPORT6 ????
?????BICD2 cDNA?MGC clone 5324113????????PCR??????BICD2 cDNA
???????DNA???pmCherry-C1?????Clontech??EcoRI/SalI????????
??????????????? 
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?mCherry–BICD21–705 
mCherry?????BICD21–705?mCherry–BICD21–705??????????pCMV-SPORT6?
????????BICD2 cDNA?MGC clone 5324113????????PCR??????BICD2 
cDNA? 1–705?????????????DNA???pmCherry-C1?????Clontech??
EcoRI/SalI??????????????????????? 
 
?mCherry–BICD2706–810 
mCherry?????BICD2706–810?mCherry–BICD2706–810??????????pCMV-SPORT6
?????????BICD2 cDNA?MGC clone 5324113????????PCR??????BICD2 
cDNA? 706–810?????????????DNA???pmCherry-C1?????Clontech?
?EcoRI/SalI??????????????????????? 
 
4.5 ???????????????? 
 35 mm ????????????HeLa??????100 µl?OPTI-MEM?Gibco???2 µg
????????? 4 µl?FuGENE HD Transfection Reagent?Promega??????????
?? 15????????????60 mm????????????HeLa??????260 µl
?OPTI-MEM??5.2 µg????????? 20.8 µl?FuGENE HD Transfection Reagent?
?????????? 15 ????????????????????????????????
??HeLa??????????????37?? 16-24???????????????????
???????????????????????????????? 
 
4.6 siRNA 
 ???? siRNA?????????????? siRNA?Applied Biosystems??????? 
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? Negative Control siRNA?scramble siRNA? 
? human BICD2 siRNA #1: siRNA ID s225943 
? human BICD2 siRNA #2: siRNA ID s23498 
? human BICD1 siRNA #1: siRNA ID s1983 
? human BICD1 siRNA #2: siRNA ID s1984 
? human Rab6 siRNA: siRNA ID s11685 
 
4.7 siRNA ??????????? 
 ?????150 µl?OPTI-MEM??100-200 pmol? siRNA????????????1???
????150 µl?OPTI-MEM? 3-6 µl?Lipofectamine 2000?Invitrogen?????????
??? 5 ???????????????2???5 ??????1?????2?????????
??? 20????????????20??????? 1.5 ml?OPTI-MEM????????
???????OPTI-MEM? 2????????HeLa???35 mm???????????
???????37?? 4???????4???????????????????????10% 
FBS????????-???????????????DMEM????????? 37????
???siRNA?????????????48???????????????????????
????????siRNA?????????????72???????????????????
?????????????????????????????? 
 
4.8 ????? 
 HeLa??? 35 mm?????????????????????????????????
?? 
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4.8.1 ?Rab6???????Rab6-GTP???????????????HeLa???
????? 
 ? Rab6??????? Rab6-GTP?????????????Young??????????
?????Young et al. 2005??????????????HeLa???phosphate-buffered saline
?PBS?? 2?????3% ?????????????3% paraformaldehyde?0.1 M PIPES
?pH 7.2??3.6 mM CaCl2?2 mM MgCl2??????20???????????????PBS
? 3???????50 mM NH4Cl???PBS?????15????????????????
???PBS? 3??????????????0.05% saponin??? 0.2% ?????????
?bovine serum albumin: BSA????PBS??????5?????????????????
?????Rab6???????Rab6-GTP?????????????????????????
????????????????????????????1???????????????
PBS? 2??????????????????????????????????????1?
???????????????????????? PBS? 4???????????????
?SlowFade® Gold antifade reagent?Molecular Probes???????????????????
???????????????????? 
 ???????????????LSM510???????????Carl Zeiss?????????
???????????????????????63???????????optical slice < 1.0 µm
??????????????????????? single track???????????????
??multi track??????Alexa Fluor® 488?Cy2????GFP?????????????
488 nm????????5%??????LP 505??????????????BP 505-530??
???????????????Cy3???mCherry???????????????? 543 nm?
???????100%??????LP 560???????????????BP 560-615????
?????????????Cy5????????????????633 nm????????100%?
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?????LP 650??????????? 
 
4.8.2 ? Rab6 ??????? Rab6-GTP ????????????????????
?????? 
 ????????????????? 36??? 45???Kano?????????????Kano 
et al. 2011??????????????HeLa???PBS? 2?????3% ????????
?????????30???????????????????????? PBS? 3?????
0.2%?v/v?Triton X-100???PBS???? 20???????????????????PBS
? 3??????????????5% ?????????PBS??????30-60??????
????????????????????????????????????????????
??????2??????????????? PBS? 2?????????????????
???????????????1 ????????????????????????? PBS
? 4??????????????????????????????????????????
???????????????????????????LSM510?????????????
???????? 4.8.1??????? 
 
4.9 ??????????? 
 GTP???Rab6?Rab6-GTP????????Rab6???????????total Rab6???
????????????????????Rab6-GTP???Rab6?????????????
???? 4.8.1?????????????????human????????Rab6-GTP????
?rabbit????????Rab6???????????????Alexa Fluor® 488???human 
IgG??????Cy3???mouse IgG???????????LSM510??????????
?????????????????Rab6-GTP???Rab6????????????????
 58 
????????????????????????HeLa???????Z???? 1 µm ??
??????????Z-stack??????????????????? 4.8.1?????????
????Z-stack????????????????????????????????????
?????????Alexa Fluor® 488???Cy3?????????????????????
????????????????????????????????????????Rab6-GTP
???Rab6???????????????total Rab6?Cy3????????Rab6-GTP?Alexa 
Fluor® 488 ????????Rab6-GTP/Rab6?????????????siRNA ??????
??Rab6-GTP/Rab6???????BICD1?????????BICD2???????????
???????????????scramble?siRNA ????????????????????
????siRNA????????????1??????????BICD1?????????BICD2
???????????????????? siRNA?????????????Steel's test??
??????? 
 
4.10 ?????? 
 HeLa S3 ??????????????????????????L5178Y ????????
Kano?????????Pimplikar????????????????????Kano et al. 2000; 
Pimplikar et al. 1994?????????? 4??????150 mm??????????L5178Y
??? 50 ml?????????TS-39LB?????TOMY??????2,000 rpm? 3???
??????????????????PBS????? 1?? 50 ml?????????????
TS-39LB????????2,000 rpm? 3?????????????????????1 mM 
EGTA?1 mM MgCl2?30 mM HEPES?45 mM KCl?1 mM DTT?1 µM cytochalasin D???
???????????? 5???????????TS-39LB???????? 1,500 rpm? 5
????????????????????????????????????????????
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???????antipain?chymostatin?pepstatin A?leupeptin? 4???? 25 µg/ml????
????? 5??????????????????????1/10??? 10×?????????
????250 mM HEPES -KOH?pH 7.4??1150 mM CH3COOK?25 mM MgCl2??????
? 10????????????????????????????TLA 55?????Beckman?
???? 12,000 rpm? 16??????????????????TLA100.3?????Beckman?
???? 65,000 rpm? 90????????????????????????????????
????????????????????????????????????????????
Protein Assay Dye Reagent Concentrate?Bio-Rad?????????????????????
???????????????????BSA?????? 
 
4.11 ??????????????? 
 ???????HeLa???????Kano???????????????Kano et al. 2000??
????????????HeLa????????PBS? 2??????????SLO????
?? 0.20 µg/ml??????????????????????-??????????????
? DMEM????????? SLO?????????????? 5????????????
??PBS? 3?????????????? SLO ???????????? 32?????TB
?25 mM HEPES-KOH?pH 7.4??115 mM potassium acetate?2.5 mM MgCl2?2 mM EGTA?
????????32?? 5????????????????????????????????
??????????????HeLa?????????TB? 2?????????TB???
???? 10????????????????????????10??????????TB?
2????????5 µg/100 µl ? GST–Rab6A?ATP????1 mM ATP?50 µg/ml creatine 
kinase?2.62 mg/ml creatine phosphate??1 mg/ml? glucose?1 mM?GTP???L5178Y?
?????? 4.10???????????L5178Y????????TB?????32?????
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????????????????Alexa Fluor® 488???GST??????????????
???GST–Rab6A???????????? 
 Alexa Fluor® 488 ??? GST ?????????????Kano ????????????
?Kano et al. 2011???????????????????????GST–Rab6A???? 32?
???????????????????HeLa????????TB? 2?????3% ???
??????????????30???????????????????????? PBS? 3
?????0.2%?v/v?Triton X-100???PBS???? 20????????????????
??? PBS? 3??????????????5% ????????? PBS??????30-60
????????????????????????????????????????????
????2??????????????? PBS? 3???????????????????
??????Alexa Fluor® 488???GST????????????1????????Alexa 
Fluor® 488???GST????????????????8????????????????
???????????????????????Alexa Fluor® 488???GST???????
??2-3???????????????????????????PBS? 4?????????
????????????????????????????????????????????? 
 ????LSM510 ???????????????????????????????
GST–Rab6A?????????????????????????GST–Rab6A???????
???????????????????????????????????Alexa Fluor® 488
???GST??????GST–Rab6A?????HeLa???????LSM510???????
????????Z???? 1 µm ????????????Z-stack????????????
??????? 4.8.1?????????????Z-stack??????????????????
??????????????????????????????p230????????????
?????????????????????????GST–Rab6A?????????????
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???????????????? 8B??????Alexa Fluor® 488???GST??????
?????????????????GST–Rab6A?????????????????????
???????????????????????????????????? 
 
4.12 ??????? HeLa ??????????? 
 ???????HeLa??????????????????nocodazole?????Kano??
?????????????Kano et al. 2000??35 mm??????????????????
?HeLa??????? 20??????????????????2 µg/ml?????????
?HeLa???????10% FBS????????-???????????????DMEM?
?????????? 30???????30?????? 37?????20??????????
????????????????????????????????????? 4.11???????
???????????HeLa????1 µg/ml???????????GST–Rab6A?ATP??
??glucose?GTP???? 3 mg/ml?L5178Y????????32?? 30?????????
??????????????????????????????????? β-tubulin????
???????????p230??????????????????? 
 
4.13 ????? 
 ??????Goud???????????????Goud et al. 1990??siRNA???????
?????? 72?????????????????HeLa???????PBS? 2?????
????????????10 mM Tris-HCl?pH 7.4??0.25 M sucrose?1 mM MgCl2?5 mM CaCl2?
??????????antipain?chymostatin?pepstatin A?leupeptin? 4???? 5 µg/ml??
?????????????????? 1.5 ml???????????????????????
? 4????????????????1 ml????????? 27????? 50??????
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???????????????????????600 × g? 10???????????????
?????TLA100.3????????100,000 × g? 1??????????????????
?????????????????????????????????????????????
???????? 2×SDS?????????????????100?? 5??????????
?????????????????????????????? 
 
4.14 ??????????????? 
4.14.1 GST–Rab6A ??? GST ??? 
 ?????????????????4???????????GST–Rab6A????????
???GST???????pGEX-5X-1?????????????BL21??????????
???????????????100 µg/ml??????????LB?????OD600? 0.5-0.7
????? 37???????????? IPTG????? 0.5 mM?????????30???
?? 3??????????????? 6,000 × g? 5???????????????????
??????????Roche??????????????????50 mM Tris-HCl?pH 8.0??
50 mM NaCl?1 mM EDTA-NaOH?pH 8.0??1 mM DTT?????????????????
??TOMY???????????????????????????????????Triton X-100
????? 1%?v/v??????????4?? 30 ???????????AR510-04 ????
?TOMY????? 15,000 rpm? 20?????????????????????? ????
?????????????? Glutathione Sepharose 4B????GE Healthcare?????4?
? 2??????????????????????ST-720?????KUBOTA????? 3,000 
rpm? 2????????????????????????????????????????
?? 4???????Poly-Prep Chromatography Columns?Bio-Rad????????????
???Roche?????????????10 mM glutathione?50 mM Tris-HCl?pH 8.0????
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?????????????? 
 In vitro GEF???????? 4.23??????????GST–Rab6A??????????
??????????????????????????????????????????? 1 
mM EDTA? 1 mM MgCl2???????????????????????????????
10 µM GDP????? 2????? 
 ?????????????Microcon Centrifugal Filter Devises?Millipore?????????
Protein Assay Dye Reagent Concentrate?Bio-Rad??????????????????BSA
????????????????1.5 ml??????????????????−80°C????
??????????????????SDS-PAGE???????CBB???????Rab6?
??????????????????????????????????? 
 
4.14.2 His-mBICD2 ??? 
 ????????????????? 4???????????His-mBICD2 ????????
????BL21?DE3??????????????????????????0.5-1% glucose?
?? 20 µg/ml?????????? 2×YT???1.6% Bacto Tryptone?1% Bacto Yeast Extract?
0.5% NaCl???OD600?0.5-0.7?????37???????????? IPTG?????0.5 mM
?????????25????? 5??????????????? 6,000 × g? 5??????
???????????????????????Roche?????????????50 mM 
NaH2PO4?300 mM NaCl?10 mM imidazole???????????????????TOMY?
??????????????????????????????????Triton X-100????
?1%?v/v??????????4??30???????????AR510-04????????15,000 
rpm? 20??????????????????????????????50 mM NaH2PO4?
300 mM NaCl?20 mM imidazole??????? Ni-NTA Agarose????QIAGEN?????
 64 
4?? 2??????????????????????ST-720?????KUBOTA?????
3,000 rpm? 2?????????????????????????????????????
4???????Poly-Prep Chromatography Columns??????????????Roche??
???????????50 mM NaH2PO4?300 mM NaCl?250 mM imidazole????????
????????? 
 ?????????????Microcon Centrifugal Filter Devises ????????Protein 
Assay Dye Reagent Concentrate?????????????????BSA?????????
???????1.5 ml??????????????????−80°C?????????????
?????????SDS-PAGE???????CBB???????BICD2?????????
??????????????????????????? 
 
4.15 GST ????????? 
 ??????2????????GST????????????????????????? 4?
????? 
 
4.15.1 Rab6A ????????????? 
 ?????L5178Y????????3 mg/ml????????????4.10????????
???GST–Rab6A???GST?????????????????GST–Rab6A???GST
?Glutathione Sepharose 4B??????????????????TB???????????
GST–Rab6A??????????GST???????????4?? 1???????????
???????????AR015-24?????TOMY????? 15,000 rpm? 2???????
??????????????GST–Rab6A??? GST???????????TB? 4???
????3 mg/ml?L5178Y??????? 4?? 90??????????90????????
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AR015-24???????? 15,000 rpm? 2???????????????????????
??????????????????????TB? 4????????GST–Rab6A????
?????GST????????2×SDS?????????????100?? 5???????
???????? 
 ????????????SDS-PAGE???????????SYPRO® Ruby protein gel stain
?Invitrogen????????????????????????GST–Rab6A????????
??????????????????????LC–MS/MS ????????LC–MS/MS ??
??????????????????Tokushima?Japan?????????????????
??????????????????????????????? 
 
4.15.2 ?????? GST–Rab6A ?????????? 
 GST–Rab6A??????????GST???3 mg/ml?L5178Y????ATP????1 mg/ml
? glucose???? 1 mM?GTP?????4?? 30???????????????????
???TB??????Glutathione Sepharose 4B???????4??2??????????
????????????AR015-24???????? 15,000 rpm? 5???????????
????TB???????????????????4?? 2???????????AR015-24
???????? 15,000 rpm? 5????????????2????????????????
?????0.22 µm??????Millipore?????????????????????????
????Cytosol?−RBP??????????? Cytosol?−GST???????????????
??????????????????????????????−80°C???????????
???????2×SDS????????????? 100?? 5???????????????
???????? 
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4.16 ?????? 
 HeLa??????????????Wanschers???????????????Wanschers et 
al. 2007??60 mm????????????HeLa????GFP–Rab6A??????BICD2
?C???????????706??? 810??BICD2706–810??mCherry?????????
?mCherry–BICD2706–810??????GFP–Rab6A???C??????????mCherry??
????mCherry–BICD21–705??????????????????????????????
?????????24???????????PBS? 2???????????????Roche?
?????????????????100 mM Na2HPO4?pH 8.0??1%?v/v?Triton X-100?0.2% 
BSA?pH 8.0?????????????????????1.5 ml??????????????
?? 4?? 30???????????? 1 ml????????? 27????? 30?????
?????????????????????12,000 × g? 10???????????????
?????????Input ????????????????? GFP ?????????????
?GFP???????????normal rabbit IgG?Cell Signaling Technology??????4??
?????????????????????????????????????????Protein 
G Sepharose????GE Healthcare????????4?? 1???????????????
????AR015-24???????? 13,000 rpm? 1???????????????????
???????????100 mM Tris-HCl?pH 7.4??1.2 M KCl?1%?v/v?Triton X-100?? 4
????????PBS? 2???????????????? Input??????2×SDS???
??????????????100?? 5?????????????????????????
????????? 
 
4.17 ???????????? 
 2×SDS ???????????????????12.5% ???? 5-20% SuperSepTM Ace
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?Wako??????Gel Factory mini MP SYSTEM?DRC?????????????????
????????SDS-PAGE??????????????????3MM Chr?GE Healthcare??
?????????????????Bio-Rad????????????????????????
? polyvinylidene difluoride?PVDF???????Millipore????????????????
?????48 mM Tris?39 mM Glycine?20%?v/v???????0.038%?w/v?SDS????
? 10?????????????Trans-Blot® SD Semi-Dry Transfer Cell?Bio-Rad?????
?????????????????????????????????????? 
 ??????????5% ????????????? tris-buffered saline?TBS??????
???????????????? 30 ??????????????????????????
?Can Get Signal ® Solution 1?Toyobo?????????????????????????
????? 2?????? 4?????????????????????????? TBS??
?? 0.1% Tween 20???TBS?TBST?? 3??????????????????????
???Can Get Signal ® Solution 2?Toyobo???????????????????????
??????? 1????????????????????????TBS????TBST? 3
??????????????????????? GFP ??????????????????
???PVDF?????????????Immuno-Aptamer TM?Rabbit IgG??????????
????????????????????????????????????????????
???Western Lightning® Plus-ECL?PerkinElmer???????LAS-4000 mini?FUJIFILM?
???????????????????????Multi Gauge Ver 3.2?FUJIFILM?????
???? 
 
4.18 GT–GFP ????????????? 
 BFA?????GT–GFP?????COPI???????????????????????
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????Morikawa?????????????Morikawa et al. 2009??siRNA???????
?????? 48??????????????????HeLa????GT–GFP???????
???????????????????????????????16-24???????????
BFA????? 10 µg/ml??????????HeLa???????10% FBS???????
?-???????????????DMEM?????????37?? 0?5?10?30?????
????????????????3% ??????????????????? 30 ?????
???????30??????PBS? 3?????????????????????????
????????????????????????????? 
 ????LSM510???????????????????????????????? 63?
???GFP????????????488 nm??????FSet09??????????????
????????????????????????????GT–GFP ???????????
????Golgi??Golgi + tubules??tubules + ER??ER?? 4??????????Golgi??
GT–GFP ?????????????????????????????????? Golgi + 
tubules??GT–GFP???????????????????????????????????
?tubules + ER??GT–GFP?????????????????GT–GFP?????????
???????????????????????? ER ??GT–GFP ???????????
????????????????????????????????????????????
????????????????????????????????????????????
??????????????? 
 
4.19 ?????????FRAP?? 
 35 mm ???????????????? HeLa ????BICD2 ??????
?mCherry–BICD2706–810???? mCherry–BICD21–705?????????? mCherry ???
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?????????GFP–Rab6A???????????????24???????24????
LSM510??????????????????????????????63????????
??????????????488 nm?????????????Region of interest?????
??????????100%????????????????3%?optical slice < 7 µm????
???????????????10 ???????????????LSM510 ????????
????????????GFP–Rab6A??????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????? 100%????????0 ??????
???? 0%??????? 
 
4.20 Triton X-114 ????????? 
 Triton X-114??????????Triton X-114 phase partitioning???Bustos??????
?????????Bustos et al. 2012????????????????4??????????
???HeLa???GST–Rab6A?ATP????glucose?GTP???? 3 mg/ml?L5178Y?
???????32?? 30???????????????4.11????????????????
???????TB? 3???????????????Roche???????????????
???20 mM Tris–HCl?pH 7.5??150 mM NaCl?10%?v/v?glycerol?5 mM MgCl2?1% Triton 
X-114????????????????????1.5 ml??????????????????
?? 1 ml????????? 27????? 30??????????????????????
???????4?? 45?????????????14,000 × g? 20????????????
?? 30??????? 15???????????????????20,000 × g? 15?????
??????????????????aqueous phase: AP????????????DP???3
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???????????????????−20°C ??????????????????????
????? 12,000 × g? 5?????????????????????2×SDS???????
???????????100?? 5????????????????????????????
?????? 
 
4.21 Alexa Fluor® 488 ?? CtxB ????????????? 
 Alexa Fluor® 488??CtxB?Invitrogen?????COPI????????????????
??????????Kano ?????Cy2 ?? Stx1 ???????????????????
???Kano et al. 2009?????siRNA?????????????72???????????
?????HeLa????????PBS? 3??????????Alexa Fluor® 488??CtxB
????? 1 µg/ml ??????????HeLa???????10% FBS????????-??
?????????????DMEM????????????30??????????????
PBS? 3??????????37?????HeLa???????????37?? 0?0.5?1?2?
4?6?????????????????????3% ???????????????????
30????????????30??????PBS? 3???????????????????
??????????????????????????????????? 
 ????LSM510???????????????????????????????? 63?
???Alexa Fluor® 488????????????488 nm??????FSet09???????
????????????Alexa Fluor® 488??CtxB???????????????PM??
Golgi??ER?? 3??????????PM??Alexa Fluor® 488??CtxB???????
??????????????Golgi??Alexa Fluor® 488??CtxB????????????
??????????????????????ER??Alexa Fluor® 488??CtxB?????
????????????????????????????????????????????
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???????????????????Alexa Fluor® 488??CtxB????????????? 
 
4.22 VSVGts045-GFP ????????????? 
 VSVGts045-GFP ???????????????????????????????????
Kano?????????????Kano et al. 2009??siRNA?????????????48?
?????????????????HeLa????VSVGts045-GFP????????????
???????39?? 24?????????????? 32?????0?15?30?60?90?120
???????????????????????????? PBS? 3?????3% ????
???????????????? 30????????????30?????? PBS? 4??
????????????????????????????????????????????
??????? 
 ????LSM510???????????????????????????????? 63?
???GFP????????????488 nm??????FSet09??????????????
?????VSVGts045-GFP???????????????ER??Golgi??PM?? 3???
???????ER??VSVGts045-GFP?????????????????????????
Golgi??VSVGts045-GFP????????????????????????????????
??PM??VSVGts045-GFP??????????????????????????????
??????????????????????????????????VSVGts045-GFP??
????????????? 
 
4.23 In vitro GEF ???? 
 GST–Rab6A??GDP??????? 2′-(3′)-O-(N-methylanthraniloyl) GDP?mant-GDP?
Invitrogen??????Zhu???????????????Zhu et al. 2001??????????
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?????????20 mM Tris–HCl?pH 8.0??150 mM NaCl?5 mM EDTA-NaOH?pH 8.0??
??GST–Rab6A????? 4 µM????mant-GDP????? 100 µM??????????
??????????????? 25?? 2 ????????????????????????
???????MgCl2????? 10 mM ??????????????????? Microcon 
Centrifugal Filter Devises????14,000 × g????4??????????????????
???GEF??????????????20 mM Tris–HCl?pH 8.0??150 mM NaCl?1 mM 
MgCl2??????????????????????????? mant-GDP ????????
????mant-GDP??GST–Rab6A??Protein Assay Dye Reagent Concentrate?Bio-Rad?
???????????????BSA??????????????????1.5 ml?????
?????????????−80°C ?????????CBB ????? mant-GDP ??
GST–Rab6A???????GST–Rab6A????????????????? 
 GEF ???????Delprato ?????????????Delprato et al. 2004?????
mant-GDP??GST–Rab6A?????? 1 µM??????????????20 mM Tris–HCl
?pH 8.0??150 mM NaCl?1 mM MgCl2???????GST–Rab6A????????????
????0-4 µM?His-mBICD2???GST–Rab6A??? 100 µM?GMP-PNP??????
???GTP???????????25????????????????????GST–Rab6A ?
????mant-GDP???????????????????360 nm????? 440 nm???
????????F-2500 ????????Hitachi???????????Savitzky–Golay ??
?????????????????? 
 
4.24 ???? 
 2??????????F???Student's t-test?????????????????????
????????????3???????????????????????????????
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?????????????????????Dunnett's test????????????????
?????? 2???????????????????Tukey–Kramer test????Steel's test
???????????????????????? P?? 0.05??????????????
????????? 
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? 5 ? ?? 
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? 1 Rab ??????????? 
???Rab????????????????????Rab???????????????EE: 
early endosome???????????ER: endoplasmic reticulum??????ERGIC: ER-Golgi 
intermediate compartment????-?????????????????Golgi: Golgi apparatus
??????? LE: late endosome???????????Melanosome?????????
Mitochondria??????????Nucleus????PM: plasma membrane??????RE: recycling 
endosome????????????????SV: secretory vesicle/granule???????TGN: 
trans-Golgi network???????????????? 
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? 2 Rab ?????????????? 
Rab??????????????????????????????????????1?????
????????????????????????????????????????????
????????????????????????????????????????????
?????????????????????????????????????? 
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? 3 Rab ????????????? 
?????????Rab??????GDP??????Rab???????????REP???
????????????????????RGGT???????????????C?????
?????????????????????????????????????GDP????
Rab ??????????????????????????GDP ???????GDI????
?????????????????????????????????GDI???????GDP
??? Rab ??????????????????????????????????????
?GEF??????Rab ?????????? GDP ? GTP ????????????????
GDP???Rab????????GDI?????GDI?????GDF???????????
???????????GTP ??? Rab ??????????? Rab ???????????
?effector?????????????GTP?????GDP???????????????Rab
??????????GTPase?????????????GTP??????????????
???????GTPase?????????GAP??????????? 
 
 
!"#!
!$%!
&'(!
!$%!
&'(!
)*+,-!
!$%! !.%!
/012! 012!
&'(!&'(!
01-!
!"!
/01-!
!3%!
!.%! !$%!
#$%!
&'!! !$%!
&'(!
&##(!
)*)
+,-.
!
#$/! )*)+,-.!
 78 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 4 Rab ???????? 
Rab??????C?????1????? 2????????2???????????cysteine 
residue?s????????????? C ?????????????????????????
???????prenylation??????prenylation motif??Rab ??????????????
????????Switch I???Switch II????????????????????????
????GTP???Rab???????????Rab???????????????????
??????????hypervariable region???C???????????N????????
Rab??????????????????Rab?????? C??? 35-40????????
?????RabF?????RabF motifs??Rab???????????RabSF?????RabSF 
motifs??Rab?????????????????????RabF????? RabSF????
??????????????N????????? 
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2"41$(.$+%$4(56$748+
7#%$."*'9-.+:-9;8!
<')/=>!<')/=?! <')/=@! <')/=A!=>! =?! =@! =A!
<')=+:-9;4!
=B!
C! D!
<')/=+:-9;4!
 79 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 5 ????????????????? 
????????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????O?SLO??????
????????????????????????????????????????????
??????????????????????????????????????? ATP ??
????????????????????????????????????????????
????????????????????????????????????????????
????????????????????????????????????????????
???????????????? 
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? 6 ?????????????????????????????????? 
HeLa????????SLO???????????????????????????????
?HeLa????GST–Rab6A?ATP????glucose?GTP????L5178Y????????
????????TB????? 32????????????????????????????
Alexa Fluor® 488???GST???????????????GST–Rab6A?????????
4.11??????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
 
 
 
 
 
 
Intact 
HeLa cell!
+SLO!
Semi-intact 
HeLa cell!
GST–Rab6A protein 
ATP-regenerating system, glucose, GTP 
L5178Y cytosol or transport buffer (TB) 
Incubation with cytosol 
and GST–Rab6A at 32 °C 
immunofluorescence 
  using Alexa Fluor 488-conjugated 
anti-GST antibody!
Depletion of 
cytosol 
GST–Rab6A 
protein 
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? 7 GST–Rab6A ?????? 
?????????????????GST–Rab6A?SDS-PAGE????????CBB???A??
?????Rab6???????????????????B??????????CBB????
?? 4 µg?????????????????2 µg?GST–Rab6A?????????????
???????????????????????GST–Rab6A??????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
 
 
 
 
 
 
 
 
A!
37!
50!
25!
kDa!
75!
B!
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? 8 ??????? GST–Rab6A ??????????????? 
?A?GST–Rab6A??????????????HeLa????GST–Rab6A?ATP????glucose?
GTP???? 3 mg/ml?L5178Y????Cytosol?+??????????????TB?Cytosol
?−???????32?? 30???????????????????????????????
????????????????GST–Rab6A??????????????????????
????????????20 µm? 
?B??A????????????GST–Rab6A???????????????? 4.11???
??????????????3 ?????????????????1 ????? 1 ?????
29-61????????????? Cytosol?−????????????????? 1?????
????***P < 0.001?Student's t-test??  
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 9 ???????HeLa??????GST–Rab6A???????????????
???? 
???????HeLa????L5178Y????????8A?Cytosol?+??????????
??32?? 30??????????????????????????????????????
????????Alexa Fluor® 488???GST??????????????????????
??????????????????????????????????????ERGIC-53
?ERGIC??GM130?????????p230????????????????????????
???EEA1??????????????????????Merge ??GST–Rab6A ?????
??????????????????????????????? 20 µm???? 2 µm?high 
mag.??  
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
 
p230!
GM130!
ERGIC-53!
GST–Rab6A! Merge!
Organelle 
marker! high mag.!
EEA1!
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? 10 GST–Rab6A ???????????????????? 
???????HeLa????GST–Rab6A?ATP????glucose?GTP???? 0?0.5?1?3 
mg/ml? L5178Y????0 mg/ml??? 8A? Cytosol?−??????????? 32?? 30
????????????????????????????????????????????
??????????3?????????????????1????? 1????? 10???
??????????0 mg/ml????????????????1????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 11 ??????? HeLa ??????????????????? 
???????HeLa????L5178Y????????8A?Cytosol?+??????????
??32?? 5?10?30?70 ???????????????????????????????
?????????????3?????????????????1?????1?????24-32
?????????0????????? 0???????? 30???????????????
?? 1????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 12 Triton X-114 ????????? GST–Rab6A ??????????? 
32??30????????????????????HeLa???????????A?????B?
??????Triton X-114????????????????? 4.20?????????????
?????DP????????AP????????????????????? GST ????
???????????????WB??????????? 
?A????????HeLa????L5178Y???????? 8A?Cytosol?+???????
?????32?? 30?????????????????????Triton X-114???????
????? 3??????????????? 
?B????????HeLa????????GST–Rab6A?ATP????glucose?GTP???
? 3 mg/ml?L5178Y????Cytosol?+??????TB?Cytosol?−?????? 32????
?????????????????Triton X-114????????????3????????
??????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
 
 
A!
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GST–Rab6A 
Cytosol (+) Cytosol (!) 
AP!DP! AP!DP!
WB: GST 
GST–Rab6A 
DP! AP!
WB: GST 
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? 13 ???????????? GST–Rab6A ???????????? 
???????HeLa????0.5 M KCl???TB?0.5 M KCl?????KCl?????TB
?0 M KCl????????? 10????????????????????????TB? 2
????????GST–Rab6A?ATP????3 mg/ml?L5178Y????????32?? 30
????????????Cytosol?−?????? 8A? Cytosol?−?????????????
??????????????????????????????????????3?????
????????????1 ????? 1 ????? 29-31 ????????????? Cytosol
?−?????????????????1?????????***P < 0.001?Dunnett's test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 14 ??????? HeLa ??????????? 
???????????? HeLa ????????SLO ??????????????????
?????????????? HeLa ??????????????Nocodazole?+??????
?????Nocodazole?−???????GST–Rab6A?ATP????glucose?GTP???? 3 mg/ml
?L5178Y??????? 32?? 30???????????????????????????
???????????????????Alexa Fluor® 488???GST?????? β-tubulin
???? p230 ?????????????????????? 4.12 ???????Merge ??
β-tubulin????p230?????GST–Rab6A??????????????????????
20 µm? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 15 GST–Rab6A ??????????????????? 
???????????????????HeLa???? 14??????GST–Rab6A????
???????????????????????3 ?????????????????1 ??
??? 1????? 27-31????????????? Cytosol?−????Cytosol?−?????
? 8A?Cytosol?−??????????????????????1?????????***P < 
0.001?N.S.P > 0.05?Tukey–Kramer test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 16 GST ????????????? 
GST–Rab6A??????????????GST??Glutathione Sepharose 4B????beads?
???? 3 mg/ml? L5178Y????cytosol???????????????????????
???????????????????bead fraction??????????????GST–Rab6A
????? GST??????????????GST-binding proteins ????
GST–Rab6A-binding proteins???????????????????Sup; Cytosol?−RBP??
???Cytosol?−GST????????????????????Golgi-targeting assay?????
??????? HeLa ?????? GST–Rab6A ?????????????????????
????????GST–Rab6A bead fraction?????GST bead fraction???SDS-PAGE??
??SYPRO Ruby???SYPRO Ruby stain????????LC–MS/MS??????????
?????????Western blotting?????????GST–Rab6A????????????
??????????????????????? 4.15??????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.?????? 
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? 17 GST ???????????????? GST–Rab6A ???? GST ???? 
GST???????????????? Cytosol?−GST???? Cytosol?−RBP??? 16??
????SDS-PAGE?????????GST???????????????????WB??
???????Depleted?supernatant???GST?????????????????????
???????????????????????????????Input??GST??????
?????????????????3 mg/ml? L5178Y?????? GST–Rab6A?????
GST??????????????????????? 3??????????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 18 ??????????????????? Cytosol?−RBP???? 
?A????????HeLa????GST–Rab6A?ATP????glucose?GTP????Cytosol
?−RBP?????? Cytosol?−GST???????32?? 30 ????????????????
Cytosol?−?????? Cytosol?+????? 8A?????????????????????
????????????????????????????????????????????
????? 20 µm? 
?B??A?????????GST–Rab6A?????????????????????????
??3?????????????????1????? 1????? 17-31??????????
???Cytosol?−?????????????????1?????????***P < 0.001?**P < 
0.01?Tukey–Kramer test??  
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 19 GST–Rab6A ???????? BICD2 ?????? 
?A?GST??????????? 16????????????GST–Rab6A????????
?GST???????????????????SDS-PAGE????????SYPRO Ruby?
?????????????????????????GST–Rab6A?????????????
??????????????????????????????????LC–MS/MS????? 
?B??A???????????SDS-PAGE?????????BICD2???????????
?????????????????????????????4??????????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 20 GST ???????????????? BICD2 ???? 
GST???????????????? Cytosol?−GST???? Cytosol?−RBP??? 16??
????SDS-PAGE?????????BICD2??????GAPDH???????????
????????????????????????????????????2???????
????????  
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 21 ???????????????? BICD2??????????? Rab6???
????????? 
HeLa????scramble siRNA?control?????BICD2???? 2????? siRNA?BICD2 
#1?BICD2 #2???????????????72????????????Rab6????BICD2
???????GAPDH?????????????????????????????????
???????????3-4??????????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
 
 
 
 
 
 
BICD2!
GAPDH!
Rab6!
control! BICD2 #1 
siRNA!
BICD2 #2 
 96 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 22 ????????? BICD2 ?????? HeLa ????? 
?A?HeLa????scramble siRNA?control?????BICD2???? siRNA?BICD2 #1?
BICD2 #2???????????????72????????????Rab6??????p230
??????????????????????????????Merge??Rab6????p230
?????????????????????? 20 µm? 
?B??A????????????Rab6?????LSM510????????????????
??????Rab6???????????????????????????????????
????????????????????3?????????????????1????? 1
????? 20-22????????????? control????????????????1???
??????***??control???????P?? 0.001???????????Dunnett's test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 23 ????????? BICD2 ?????? HeLa ????????? 
?A?HeLa????scramble siRNA?control?????BICD2???? siRNA?BICD2 #1?
BICD2 #2???????????????72???????????????????????
???cyt??????mb?????????? 4.13??????????? SDS-PAGE???
??????Rab6????Calnexin???????GAPDH???????????????
????????Calnexin??????????GAPDH??????????????????
?? 5??????????????? 
?B??A??????????Rab6?????Rab6????????Multi Gauge Ver 3.2??
??????????????????????????????????????????? 100%
???????????????????????BICD2?????????BICD2 #1 siRNA
??????BICD2 #2 siRNA??????????????????????????control
?????????????????????????????????? 1 ?????????
BICD2 ????????????????????????????????????????
???????5 ?????????????????*??control ??????? P ?? 0.05
???????????the sign test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 24 BICD1/BICD2 ????????? HeLa ????????? 
?A?HeLa????scramble siRNA?control??????BICD1???? siRNA???BICD2
???? siRNA????????BICD1 #2 siRNA??? BICD2 #2 siRNA; BICD1+2????
???????????72????? 23A???????????????????cyt????
??mb????????????SDS-PAGE?????????Rab6????Calnexin???
???? GAPDH ????????????????????????? 6 ?????????
?????? 
?B??A??????????Rab6?????? 23B???????????????????
?????6?????????????????*??control??????? P?? 0.05??
?????????the sign test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 25 BICD1 ?????? HeLa ????????? 
?A?HeLa????scramble siRNA?control?????BICD1???? 2????? siRNA
?BICD1 #1?BICD1 #2???????????????72????? 23A?????????
??????????cyt??????mb????????????SDS-PAGE????????
?Rab6????Calnexin???????GAPDH????????????????????
????? 6??????????????? 
?B??A??????????Rab6?????? 23B???????????????????
???? 6?????????????????N.S.??control???????P?? 0.05??
?????????the sign test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
 
 
B!
A!
Rab6!
control! BICD1 #1   BICD1 #2!
siRNA!
cyt   mb! cyt  mb! cyt  mb!
GAPDH!
Calnexin!
BICD1 #1 
siRNA!
BICD1 #2 
siRNA!
0.0  
0.2  
0.4  
0.6  
0.8  
1.0  
1.2  
1.4  
R
a
b
6
 b
a
n
d
 i
n
te
n
s
it
ie
s
 
cyt/total 
mb/total 
control!
N.S.!N.S.! N.S.!
N.S.!
 100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
? 26 ???????????????? BICD1 ???? BICD2 ?????????
??? Rab6 ???????????? 
?A?HeLa????scramble siRNA?control??????BICD1???? siRNA???BICD2
???? siRNA????????BICD1 #2 siRNA??? BICD2 #2 siRNA; BICD1+2????
???????????72????????????Rab6????BICD1????BICD2?
?????? GAPDH ????????????????????????? 3 ???????
???????? 
?B?HeLa????scramble siRNA?control?????BICD1???? siRNA?BICD1 #1?
BICD1 #2???????????????72???????????? Rab6???? BICD1
??????? GAPDH ????????????????????????? 3 ??????
????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 27 ? BICD2 ?????????? GST–Rab6A ???????????? 
?BICD2??????????GST–Rab6A???????????????????????
?HeLa????GST–Rab6A?ATP????glucose?GTP?3 mg/ml?HeLa S3??????
? 2-5 µg??BICD2???BICD2???????????????normal rabbit IgG?IgG??
????32?? 30????????????Cytosol?−?????? 8A?Cytosol?−????
????????????????????????????????????????????
???3?????????????????1????? 1????? 27-34?????????
????Cytosol?−?????????????????1?????????***P < 0.001?**P 
< 0.01?Tukey–Kramer test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 28 ? BICD1 ?????????? GST–Rab6A ???????????? 
?BICD1??????????GST–Rab6A???????????????????????
?HeLa????GST–Rab6A?ATP????glucose?GTP?3 mg/ml?HeLa S3??????
? 1-2 µg??BICD1???BICD1???????????????normal rabbit IgG?IgG??
????32?? 30????????????Cytosol?−?????? 8A?Cytosol?−????
????????????????????????????????????????????
???3?????????????????1????? 1????? 15-31?????????
????Cytosol?−?????????????????1?????????***P < 0.001?N.S.P 
> 0.05?Tukey–Kramer test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 29 ???????????????? GST ????????????????? 
GST???????????16????????????GST–Rab6A?????????GST
???????????????????SDS-PAGE?????????Rabkinesin-6????
???ZW10????????????????????????????3?????????
?????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 30 ? Rabkinesin-6 ?????????? GST–Rab6A ???????????? 
?Rabkinesin-6??????????GST–Rab6A????????????????????
????HeLa????GST–Rab6A?ATP????glucose?GTP?3 mg/ml?HeLa S3????
??? 1-2 µg??Rabkinesin-6???Rabkinesin??????????????normal rabbit 
IgG?IgG??????32?? 30????????????Cytosol?−?????? 8A?Cytosol
?−???????????????????????????????????????????
????????3?????????????????1????? 1????? 20-23???
??????????Cytosol?−?????????????????1?????????***P 
< 0.001?N.S.P > 0.05?Tukey–Kramer test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 31 ? ZW10 ?????????? GST–Rab6A ???????????? 
? ZW10??????????GST–Rab6A???????????????????????
?HeLa????GST–Rab6A?ATP????glucose?GTP?3 mg/ml?HeLa S3??????
? 2-5 µg??ZW10???ZW10???????????????normal rabbit IgG?IgG???
???32?? 30????????????Cytosol?−?????? 8A?Cytosol?−?????
????????????????????????????????????????????
??3?????????????????1????? 1????? 26-34??????????
???Cytosol?−?????????????????1?????????**P < 0.01?***P < 
0.001?N.S.P > 0.05?Tukey–Kramer test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 33 His-mBICD2 ???????? GST–Rab6A ???????????? 
His-mBICD2????????GST–Rab6A???????????????????????
? HeLa????GST–Rab6A?ATP????glucose?GTP??? Cytosol?−RBP?????
10 µg?His-mBICD2?????Cytosol?−RBP?+BICD2??????????Cytosol?−RBP??
??32?? 30????????????Cytosol?+?????? 8A?Cytosol?+??????
?????????????????????????????????????????????
3?????????????????1????? 1????? 26-32????????????
?Cytosol?−RBP???????????????1?????????*P < 0.05?**P < 0.01
?Dunnett's test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 34 ??? BICD2 ?????????????????????? 
??? BICD2 ????????????????BICD2706–810 ??? BICD21–705??????
???????3?????????????????CC1?CC2?CC3???????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 35 ?????????? GFP–Rab6A ? mCherry ?? BICD2 ????????
???? 
HeLa ? ? ? GFP–Rab6A ? mCherry–BICD2706–810 ? ? ? ? ? GFP–Rab6A ?
mCherry–BICD21–705??????????????????????GFP???GFP????
??????????normal rabbit IgG?IgG????????????IP?????????
4.16?????????????????????????? Input???????????GFP
??????? mCherry ???????????????????WB???????????
????????????3??????????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.?????? 
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? 36 ????????? GFP–Rab6A ??? mCherry ?? BICD2 ???????
??? 
HeLa ??? GFP–Rab6A ? mCherry–BICD2706–810?BICD2706–810??GFP–Rab6A ?
mCherry–BICD21–705?BICD21–705??????????????? GFP–Rab6A ? mCherry ?
?????mock???????????????????????24????????????
p230 ?????????????Merge ??GFP–Rab6A ????mCherry?mCherry?
mCherry–BICD2706–810???? mCherry–BICD21–705???????? p230 ????????
?????????????? 20 µm? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 37 mCherry ?? BICD2 ????????????? GFP–Rab6A ????? 
?A?HeLa ??? GFP–Rab6A ? mCherry–BICD2706–810?BICD2706–810??GFP–Rab6A ?
mCherry–BICD21–705?BICD21–705??????????????? GFP–Rab6A ? mCherry ?
??????mock???????????????????????24????FRAP????
?????????? 4.19????????? 3??????????????????????
??Recovery of fluorescence intensity????????????????????????1??
??? 1????? 3-5????????? 
?B??A?????????GFP–Rab6A ???????Prebleach?????????????
????????????????????20 µm? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 38 ????????? GTP ??? Rab6 ??? 
HeLa?????scramble siRNA?control???BICD1???? siRNA?BICD1 #1?BICD1 #2??
?BICD2???? siRNA?BICD2 #1?BICD2 #2???BICD1???? siRNA???BICD2
???? siRNA????????BICD1 #2 siRNA??? BICD2 #2 siRNA; BICD1+2????
????????????????72????????????GTP???Rab6?Rab6-GTP?
????Rab6??????p230???????????????Merge??Rab6-GTP????
Rab6???????p230?????????????????????? 20 µm? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 39 ????????? GTP ??? Rab6 ???? 
? 38????????Rab6????????Rab6-GTP????????Rab6-GTP/Rab6??
?????????????????????? 38????????Rab6-GTP???Rab6?
??????????????????????? 4.9 ?????????? 3 ????????
??? 1?????????????????? 2?????????????????????
????????2???????????????Control ????????? 1????1?
???? 30?????????***??control???????P?? 0.001??????????
?Steel's test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 40 BFA ????? GT–GFP ???????????????????? 
?A?????????????????????????????HeLa????scramble siRNA
?control??Rab6???? siRNA?Rab6??????BICD2???? siRNA?BICD2 #2???
????????????72 ???????????? Rab6 ???? BICD2 ???????
GAPDH????????????????????????????????????????
???? 3??????????????? 
?B?BFA??????HeLa??????????????????????????????
????Golgi?GT–GFP????????????????????????Golgi + tubules?
???????????????tubules + ER????????????????GT–GFP??
?????????????????????????????????????ER?GT–GFP
?????????????????????4???????????????20 µm? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 41 ??????????????????? Rab6?????????? BICD2?
???????? 
HeLa????scramble siRNA?control??Rab6???? siRNA?Rab6??????BICD2?
??? siRNA?BICD2 #2?????????????? 48????GT–GFP????????
??????????????????? 10 µg/ml?BFA? 0?5?10?30?????????
?????????LSM510 ?????????????????????BFA ???????
?????????????????????????? 4 ??????? 40B ???????
????????????????????????????????????????????
????3?????????????????1????? 1????? 100????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 42 Alexa Fluor® 488 ?? CtxB ????????????? 
?A?Alexa Fluor® 488??CtxB?????PM???????Golgi??????ER?????
????????????????????????10 µm? 
?B?Scramble siRNA?control??Rab6???? siRNA?Rab6??????BICD2???? siRNA
?BICD2 #2??????????????HeLa???????Alexa Fluor® 488??CtxB?
??????????????CtxB????????????%?????????3?????
????????????1????? 1????? 100????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 43 VSVGts045-GFP ????????????? 
?A?GFP??VSVGts045?VSVGts045-GFP??????ER???????Golgi??????PM?
????????????????????????????10 µm? 
?B?Scramble siRNA?control??Rab6???? siRNA?Rab6??????BICD2???? siRNA
?BICD2 #2??????????????HeLa???????VSVGts045-GFP??????
?????????VSVGts045-GFP????????????%?????????3????
?????????????1????? 1????? 100????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 44 VSVGts045-GFP ??? 
Scramble siRNA?control??Rab6???? siRNA?Rab6?????? BICD2???? siRNA
?BICD2 #2??????????????HeLa???????32?????????????
? 0?30?60?120???? VSVGts045-GFP???????????????????? 4.22
??????????????10 µm? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 45 CI-M6PR ??????????-??????????????????? 
HeLa????scramble siRNA?control??Rab6???? siRNA?Rab6??????BICD2?
??? siRNA?BICD2 #2???????????????72????????????CI-M6PR
?????? p230???????????????Merge??CI-M6PR???? p230???
??????????????????? 20 µm? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 46 In vitro GEF ???????? BICD2 ? GEF ???? 
GST–Rab6A?????mant-GDP??????????????????1 µM????2 µM????
4 µM????His-mBICD2??????????????????????????intrinsic?
???????? 5 mM?EDTA???????????????????His-mBICD2???
???????????????100 µM?GTP???? 5 mM EDTA??????? 100??
????????????????Intrinsic ????? 100 ???????????????
mant-GDP????????GTP????EDTA?????????????????????
???????????1-3??????????????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 47 Rab6 ?????? HeLa ????????? 
HeLa????scramble siRNA?control?????Rab6???? siRNA?Rab6???????
????????72 ?????????????????????????cyt??????mb?
????????? 4.13??????????? SDS-PAGE????????? BICD2???
?Calnexin???????GAPDH???????????????????????Calnexin
??????????GAPDH????????????????????4?????????
?????? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 48 ????????? GFP-mBICD2 ????? 
?A?HeLa????scramble siRNA?control?????Rab6???? siRNA?Rab6????
??????????37??48???????48????GFP?????BICD2?GFP-mBICD2?
???????????????????37????? 24???????24?????????
???Rab6?????? p230???????????????Merge??GFP-mBICD2??
??p230???????Rab6?????????????????????? 20 µm? 
?B? A????????????GFP-mBICD2?????LSM510????????????
??????????GFP-mBICD2???????????????????????????
????????????????????????????3????????????????
?1????? 1????? 20-22????????????? control????????????
???? 1?????????***P < 0.001?Student's t-test?? 
?????Matsuto et al. (2015) Biochim. Biophys. Acta. 1853 (10), 2592-2609.? 
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? 2 ???????? Rab6 ?????????? BICD2 ????????? 
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